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I, YZEA Z. GIBSON, Clerk af the 3o«rd of Scpernsora of the County oi Zem, State of Cahfnmia, 
do hereby c ertify that the foflowiaa: roofaition, propoeed by SnperrLior Head , seconded 

by Snperrisor Jackaon , wu dniy piieed and adopted by said Board cf Saperrieors at an 

official ceethj hereof thin _day of__, 19 by the fotlowiny rote, to wit: 


ATE3: 
NOES: ■ 
ABSENT: 
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hone 
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RESOLUTlOn 

Section L WHESZAS: 

(c) Tito m j« i-iy Cwlulas of the Cu — ry of £*ra hcc ctosii to feo 
prepared 4 prsp ^a wd specific plea far the uaa Sewrth of Hojcve, paxaaent to 
tho pro via loot of Staxa Ge vez^mctC Com Sectloa 65460, e-t ieq. , cad hao daly 
held a pehlio hearing «* i —■ , together e±th a ptoyeaal to mH the Kara 
Cowary General ?laa eecordiafcly, mm provided fey Cctit»«t Coda iectlocLa 
65351 cad 65500; *od 

(fe) Tba n ji« Irrj CeagcLeaioa barring duly «euIdered a*ld aattar, 
Adapted its Zeeolutlaa So. 16-73 am Hcrth 5, 1973 raconodln^ adoption of 
a I peclf lc plat far Mid area* «d -ei—ecpreidlTn to the Zazs 

Cy« t / General ; cad 

(c) TSxla &*trd adopted Pccolcrtloa So. 73-212 aettla* **1 d acrt-cr for 

baarlnf, cad after Sa erics thereon adopted Uaolutloa So. 73-278 adopting 
said specific pica cad * * >1 ’ —n kiarc to the (acaxal pica; arW 

(d) Ir «a c u b e e ^ amlj dltcog rc d that there rtn several clerical 
errors la the dcacrl^cloa of zhm p ropaeed specific plea cxw* F cc contcli>*d 
la cforw ■■ i irlrniv* Tlccain^ Cjgl if log Sesolirtlon So, 36-73, nod which errors 
alao appeared la Saaolotloa 3o. 73-212, relatnd not lea of Scaring, cod 
Acaolcrtioa So. 73-273; 
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(a) The r ii i-iog having adopted ? aa >1 nr* J ~m Bo, 36-13 

( L nn~fa J ) for the pcr p o aea of cerreetlag the leai "iptioe of the propoeed 
specific pin txM t cad it 4fpatd.ni tea a a a a 1 j that aald matter he h aa n d 

after Th«r1 1 a givee rneflininx the carraatW ■ Ua 1 'i.^lpdac of Mid 

4SU 

(f) Is further appearing That ax tha dec of tha h e aringa of aald 
mmXXMX before tha Tludrg rr^lnlm ad befai* tb±a Board, raa pec ti- 10 * 17 , 
a up v«i praeected for cottaidararinc vhieh correct^ daliaaaCad the 
booed a 17 of the pyyna ad a pari fix pica area, aU that aald apacifla pica 
cad r erraa peed J ~>x — 1 i ^a■ T f te tha Eazx Cuuai/ fianaT"* ! flea ci nant 1 nna d 
la Mid icaeliftlom Be* 73-273 have b eau dd .7 •doored virh reapect to all 
of t^aia a ctmi which vara eorxaatly deecri-bed la idd aefIra of bearing * 
aad Mid laaelotiaa W, 73-273 , ±aeltjdi_»g bet aat rorif1»t e d to tha «r«4 
within tha h wnri aria# of a^dlrialoa Tract 355d t the tant being indicated 
by -iTmaitr-widlTH pertleM 1 a tha daaaxlpdoa hereinafter co tttalaad 1 and 

a fM rr Wr bearing la the ne r * a r la a eeea aery *olal 7 for the pcrpoae 
of adoption of tha proposed ft pee If la plea cad camaponding general plea 
vltfc repet te axmaa «TXoaeeeal 7 naitTed frw the deecriptloa hereto 

fore 4pyaarii| t ad far the fere h e r paxpoaa of vo i d ing application thereof 
t Hfk reapeat te *mj area iacleded within aeah daecxiptioaa; end 

(g) Thle Board hee heretofore adopted JLeeoltrtioQ So, 73-406 fixing 

data, ad piece for the caed o at of a pndlic hearing to eooalder 

aeld specific pica -rad correa pending nu aia r 1 to the tare Cooat 7 General 
flM, oi taynnatfufil input report re Let lag to add natter*, poxecen 

ta tic previa loo* of ^-Cede See time 35333, 33356, 65503 end 65504 

cad other applicable. provicieca of lei; and 

(h) The Clerk of tkle Beard etced notice to he del/ given of add 
public hear ing la euorieu vith lea and the pro vision* of Zeeolatloa 
So, 73-404; cad 

(1) geld pvblic tearing having beea dal 7 conduced daring w hich 
the propeeed specific plea, including the specific plea up of the area, 

cd eotru poawLictg ~ ■~ J -- - of the gaai l al pLsa ad add eavi rou antal 

lepect report were before thia Board ad we r e explained 67 a repxeaeatatlve 
of tha flenaing CoadMlna ad vere dal 7 cocaldered b 7 thia Board, and 
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e daairiai to bo heard ao t*-Ld matran hero htee dal 7 
bmszd xad ewideaea on aaid m tun hawin* b**» dal7 ■oheitced, tad chi* 

3o*rd hawia* concluded .aid {while i-arin* »d h*riaj dataraioed tier 

iw-i 1(T -iriT' 1 1 l»p*et Report diaeloaee ao aijaificant *dTor.a cnri-— j~ 
„,-.i impact which will not ho *±ti*ated by al taract iwoo i=elt»i«i ia tho 
plea, and that .eld .pecific plea cad tho .pacific ?lea -ep ol tbo ar»a 

_i tiM corroep«*ia* onnriarm to tho go nor i l pLaa ehoald bo epprsrrod 

U accordance with tho retoe—edaticna of the Plasain* Co-tieeioB; 

2. BOW, THiaxrOtE, SS IX ffmn 1XS0LVZD b 7 tho 3 oard of 
Saparwiaora of tho Cotmty of Zara, State of California, ae follow.: 

I. Tho foot. herein recited er* treo, and rhia 3oerd hee j cried le t lea 

,t# eoeaider end adopt the *ertara harwi* eatiooad. 

IX. Th-la Joerd dooo hereby appnrro, adopt aad c o rfit * aa tho .pacific 
plea for tho ere* Sowth of Hojere, Sera Coeary, Califoraia, within tho 
area deecrihod ee follow: 

lectin** 23 , 26 , 33, and 36, Ttemehip U farth, ***- 
13 VaOt, $.3.1.4*,; 3-crl<w* 29, 30, 31, eod: 32, end 
jxrrtJjja* of S^c tirgi* 28 *nd 23 
State Rowte U, Towahlp U fartb, *«®« 12 
1 ead 2 ead the Boxthoaat qoertar of Sect loo 12, ^.uroan-p 
10 fcrth, Re*** U Meat; Sactlooa 5 , 6 aod 7 , od chat 
pertioo of Section 4 lyia* Saaterly of State Roota 1*. 

Xxmut&lp 10 itrrthp £2 


th* cffc 


■t— -- «pacific plan aip of aaid ora a, oa file with tha Clark 
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SPECIFIC PLAN 


for 

THE AREA SOUTH OF MOJAVE 


(including Tract 3554) 


to be known as 

SPECIFIC PLAN FOR SOLEDAD MOUNTAIN - 
ELEPHANT BUTTE & VICINITY - SOUTH 
OF MOJAVE 


Prepared by 


Kern County Planning Commission 
March 5, 1973 



PROPOSAL : Pursuant to Sections 65450.1 and 65450.2 of the Government Code, amend¬ 
ment of the Kern County General Plan and adoption of a Specific Plan for the 
area south of Mojave (including Tract 3554), Kern County, California, said 
Plan to be known as "Specific Plan for Soledad Mountain - Elephant Butte & 
Vicinity South of Mojave". 

INITIATED BY : The Developer of Tract 3554 pursuant to classification of said Tract 
as a "Land Project". 

DESIGNATED AREA : Portions of Section 28 & 33; Sections 29, 30, 31 and 32, T.11N., 
R.12W., S.B.B.&M.; Sections 25, 26, 35 & 36, T.11N., R.13W., S.B.B.&M.; 
Portions of Sections 4 & 8, and Sections 5, 6, & 7, T.10N., R.12W., S.B.B.&M.; 
and Portion of Section 12, and Sections 1 & 2, T.10N., R.13W,, S.B.B.&M. 

HISTORY OF EXISTING & PROPOSED DEVELOPMENT : There are four recorded maps and 9 
tentative maps within the study area. 

The Plat Map of Goldtown was recorded in 1923 establishing street alignments 
and a total of 1,952 lots, each with a net area of 2,750 sq.ft. Assessor's 
records indicate that although the majority of buyers have purchased two lots, 
several of the lots have been purchased singularly as shown on the recorded 
plat. The platted roads have been roughly graded and are not traversable in 
many areas. 

Record of Survey Tract 2572 was recorded in 1961. This Tract consists of 
32 acreage lots (2% acres minimum), with "private road" reservations for the 
use of the lot owners. The roads are not improved, or for that matter, even 
graded. 

Tract 3207 was recorded in 1969 as a Type IV Subdivision with major and 
secondary highways offered for dedication, while the local streets were 
approved as "private" streets. Recordation of this tract created 193 lots 
with a minimum gross acreage of 2 \ acres. The roads are bladed in. 

Tract 3253 recorded in 1971 provided an additional 253 lots of 2% minimum 
gross acres. The major and secondary highways within the tract were offered 
for dedication while the local streets were approved as "non-dedicated", 
pursuant to Article 13 of the Subdivision Ordinance. Roads are bladed only. 

Tentative Tract 3554, the generating factor for this Specific Plan, was 
originally approved by the Planning Commission on August 23, 1971, establish¬ 
ing an expiration date of February 23, 1973. The subdivision consists of 
61 lots with a minimum of 2% gross acres each. Silver Queen Road traverses 
the southerly portion of the tract and serves as access. Major and Secondary 
highway alignments will be offered for dedication. The interior local streets 
were approved as non-dedicated. The roads have been bladed in accordance with 
Article 13 Standards. 
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On September 8, 1972 the Developer's Engineer submitted an application, fees 
and input to adopt a Specific Plan and amend the General Plan accordingly. 

The area to be contained within the Specific Plan was designated by the 
Planning Commission on October 2, 1972. 

By letter dated October 3, 1972, the Planning Staff advised the Developer’s 
Engineer that an Environmental Impact Report would be required as a part of 
the Specific Plan. 

At the Planning Commission meeting of November 6, 1972, the Staff suggested 
that the Specific Plan not be set for hearing since no input had been received 
with regard to the Environmental Impact Report. The Conmission authorized 
the Planning Director to set the date for hearing upon receipt of the neces¬ 
sary information. 

Environmental input was submitted by letter dated January 5, 1973. 

An extension of time for filing the Final Map was conditionally approved by 
the Board of Supervisors on February 13, 1973. 

Tentative Parcel Maps #613, 619, 632, 633, 660, 661, 662 and 663 were reviewed 
as to conformity with the various Elements of the Kern County General Plan and 
applicable zoning, in November, 1972 by the Planning Staff at the request of 
the Director of Public Works. 

The Planning Department advised the Director of Public Works that considera¬ 
tion of the above parcel maps should be withheld pending adoption of the 
Specific Plan for the area South of Mojave. 

SPECIFIC PLAN RECOMMENDATIONS/ANALYSIS/IMPLEMENT AT ION : The following is a review 
of each Element required for the adoption of a Specific Plan pursuant to 
Section 65451 of the Government Code, State of California: 

A. Land Use 


1. Item - Housing 

Recommendation - All housing shall be in accordance with existing laws. 
Upon appropriate application and review, the use of mobilehomes may be 
considered in areas when separated from conventional dwellings. 
Residential density shall be maintained at a minimum of 2% gross acres 
per dwelling unit, with the exception of the Subdivision Plat known 
as "Goldtown". No building permit shall be issued for any construc¬ 
tion unless all of the following conditions apply: (Also see Item 10) 

a)- The building site area is approved by the Health Department in ac¬ 
cordance with adopted standards with respect to sewage disposal 
and water supply; 
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b) The proper consideration and approvals, with respect to the 
existing precise zoning and proposed land use, is obtained 
prior to issuing any permits for-construction. 

Analysis - Existing precise zoning and approved zoning within the 
Plan area limit lot sizes to a minimum of gross acres. This 
density should not be increased on the basis of an Investigation 
of Ground Water Resources by Charles A. Yelverton, Registered 
Engineering Geologist II. The availability of water is not stable, 
the water table is dropping, and the content is questionable. 

Analysis has indicated a high arsenic content within some areas. 

The adopted zoning permits conventional residences only; however, 
the popularity of mobilehomes may generate requests to allow such 
uses. These requests should be considered on the basis of their 
individual merit and in accordance with adopted criteria and 
ordinance requirements. 

The Townsite of "Goldtown" must be recognized as unique within the 
Plan area since the existing lot sizes and resultant ownerships 
create densities that are not consistent with adopted precise zoning 
nor the recommended density for residential development. Alternatives 
must be proposed and adopted to provide for the health, safety and 
welfare of future residents within the "Goldtown 11 area, due to the 
scarcity and questionable quality of the water supply. 

Multiple units are not recommended for the area. 

Imp1ernen tat ion * Compliance with the Kem County Zoning Ordinance; 
compliance with the requirements of the Health Department and Regional 
Water Qulity Control Board, Lahontan Region. 

2. Item - Business 

Recommendation - The interchange at Silver Queen Road and State Route 
14 would appear to provide a feasible area for future highway oriented 
commercial use. Such a use would require review and approval, in ac¬ 
cordance with the existing Zoning Ordinance. Other commercial areas are 
not proposed within this Specific Plan. No commercial uses shall be 
permitted within hazardous areas (40Z slope plus) and/or areas subject 
to inundation. 

Analysis - Due to the speculative nature of existing and proposed sub¬ 
divisions, parcel map divisions, and metes and bounds divisions of 
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land within the Plan area, and the fact that no structural improve¬ 
ments have been made, it would appear premature to specify commercial 
areas other than that suggested, A full range of commercial uses are 
available in Mojave, approximately 3 % miles north of the Silver Queen. 
Road/State Route 14 interchange. 

Implementation - Compliance with the Kern County Zoning Ordinance. 

3. Item - Industry 

Recommendation - No industry is proposed within the "Plan Area" with 
the exception of mining and possible processing of silver and gold 
ores. No residential subdivision shall be permitted in natural resource 
areas. Only limited housing in conjunction with mining operations 
will be permitted. The Soledad Mountain complex and Elephant Butte 
shall be designated as important historical landmarks. Those areas 
known to contain potential commercial value ores and deposits should 
be restricted from potential incompatible use and protected for their 
beneficial future use. In conjunction with mining operations, pro¬ 
tective measures should be initiated for the protection of all environ¬ 
mental qualities (i.e. to control water quality and watershed; to control 
factors such as noise and dust which must be alleviated to prevent future 
mining operations from becoming a nuisance and danger to health!) 
Requirements should be established toward rehabilitation of the natural 
landscape after mineral production and extraction has ceased. All 
abandoned mining excavations which appear dangerous to man or beast 
should be covered or fenced securely in accordance with the California 
Health and Safety Code. (Section 24400 et seq.) 

Analysia i - Gold and silver mining operations have been periodically 
in existence in the Soledad Mountain - Elephant Butte area since the 
latter part of the 1800’s. Because of dwindling natural reserves and 
continuing demand for minerals, it is likely that many old mines 
from which only the rich ore has been extracted will be sites of 
future mining operations. Great care should be exercised before 
permanently closing these openings in such a way as to deny all 
future access to the mine workings. However, subdivision initiates . 
development; development breeds people, and people must be protected. 
Therefore, methods must be implemented to protect the unwary public 
from potential disaster from existing and future mining operations. 

Imp1ementa tion - 

a) Compliance with the Kern County Zoning Ordinance and ultimately, 
consideration and adoption of a new zone classification for the 
protection and utilization of natural resource areas. 

b) Designation of Soledad Mountain complex and Elephant Butte as 
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important historical landmarks. Refer to Director of Kern County 
Museum for procedure and implementation. 

c. Compliance with the requirements of the California Health and , 
Safety Code and the Kern County Health Department with regard to 
extraction and processing mineral resources (noise and air 
quality) or cessation of such operations (covering or fencing 
of openings). 

4. Item - Open Space 

Recommendation - The Public Lands (B.L.M.) surrounding and yithin the 
Plan area provide existing open space. This land should be retained 
in public ownership in perpetuity. All existing drainage channels 
should be left in a natural state, except in areas where existing 
residential lots would be subject to inundation, and retained as 
permanent open space. The City of Los Angeles transmission line 
should be jointly utilized as open space in accordance with the 
requirements of the City of Los Angeles. All private lands with a 
natural grade cross slope of 40Z or greater should be preserved as 
open space until provisions have been made to completely sewer such 
private lands. 

Analysis - The perpetual retention of public lands is vital to 
guarantee future open space areas. Most of the land within the 
Plan area is privately owned and has been divided by metes and 
bounds description. Circumvention of the planning criteria and 
legislation, applied to Subdivisions, has made it impossible to 
obtain green belt and/or open space areas within the Specific Plan 
boundaries. However, if the existing low density residential zoning 
is maintained, a semblance of open space will previal* 

Implementation - Compliance with the Zoning Ordinance. The Open Space 
Zoning Ordinance should be applied to qualifying property at no cost 
to the Owner once such ordinance is adopted. In the event a Natural 
Resource Classification is adopted, it should also be applied at no 
cost to the Owner. 

Compliance with Resolution No. 628, (General Policy recognizing need 
for open space and green belt areas) adopted by the Board of Water 
and Power Commissioners, Department of Water and Power, City of Los 
Angeles, January 29, 1970. 

5. Item - Agriculture 

Recommendation - Grazing shall be allowed only in accordance with 
the Zoning Ordinance and where permitted by right. 

Analysis - Two-thirds of the land within the Plan area is zoned 


-5- 



either A-l or A-2 which allows grazing. Approximately one-half of 
this would have grazing capabilities. Grazing should be kept to a 
minimum in order to protect the desert ecosystem. 

Implementation - Compliance with the existing Zoning Ordinance. 

6, Item - Recreation 

Recongnendation - No recreational facilities are proposed within the 
Plan area at this time; however, in the event population and density 
warrants, park sites should be provided at the rate of 2 \ acres per 

1000 persons as the need arises. 
Analysis - Since the Plan area is almost completely undeveloped at 
this time, there is no need for recreational facilities. 


Implementation - Review of park sites at the time of designation 
in accordance with Section 65402 of the Government Code, State of 
California. 

7. Item - Educational Facilities 

Recode nd at ion - School site(s) shall be provided in accordance with 
the requirements and criteria of the School District. 

Analysis - The Mojave Unified School District reports that, they 
have no comments of value concerning the proposal and would recom¬ 
mend that we proceed. Because of the recommended low density and 
lack of development, reservation of school site(s) at this time 
would be premature. 

Implementation - Compliance with the following: the State laws 
concerning school sizes and capacities; the requirements of the 
district; and the existing Zoning Ordinance. 

8. Item - Religious Facilities 
Recommendation - No requirement made. 

Analysis - As the community grows, facilities for religious services 
will be needed and should be provided by the various religious organ¬ 
izations. Locations should be justified on the basis of accessibility 
and compatibility with surrounding land uses. 

Tmplementation - When proposed, compliance with existing Zoning 
Ordinance and principles of good planning. 
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9. Item - Public Buildings and Grounds 


Recommendation - No facilities are recommended at this time. 

Ana lysis - As a community grows, needs for public buildings and 
grounds increase. Such facilities Include fire stations, libraries, 
hospitals, community centers, and other service structures. Some 
facilities are necessary sooner than others. The Fire Department 
does not report a need for a fire station at this time. The County 
Librarian reports that M although a regional library for the desert 
area is in our long-range plans, it would very likely be centered 
in Mojave". The County Sheriff reports there is no need for law 
enforcement facilities nor deputies to be assigned to this area 
until development warrants such service. 

10. Item - Liquid and Solid Waste Disposal 

Recommendation - Disposal of liquid wastes shall be in accordance 
with the requirements of the Regional Water Quality Control Board 
and County Health Department. With regard to solid waste, the Plan 
area is within the limits of an existing refuse collection franchise 
area. The proposed County landfill site serving this area will be 
located within two miles of the Plan boundaries. (See Item A-l) 


Analysis - The California Regional Water Quality Control Board, 
Lahontan Region, and the County Health Department have minimum 

standards for sewage disposal. These regulatory procedures are set 
forth and adopted. Solid waste disposal may be divided into two 
categories: (1) domestic/commercial refuse, and (2) construction 

refuse. The former may be disposed of in the proposed County facility 
by the property owners or collected by a sanitation service. 

Implementation 

a) Compliance with the Regional Water Quality Control Board and 
County Health Department for liquid waste control. 

b) Review of any required sewer plans by Health Department prior to 
any development. 

B. Circulation 


1. Item - Location & Extent of Existing Streets 

Recommendation - All roads shall be maintained as they now exist. 

An O.P. line shall be established for a 110-foot right-of-way along 
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the general alignment of Silver Queen Road from the State Route 14 
interchange to the South line of Section 12, T.10N., R.13W., S.B.B.&M. 

Analysis - Silver Queen Road may be expected to carry a substantial 
volume of traffic as future development occurs due to its geographic 
location and full interchange at State Route 14. 

Imp 1 erne n tation - The County Surveyor and Road Commissioner to furnish 
data necessary to compile maps by the Planning Staff; hearings to be 
held in accordance with effective laws. 

2. Item - Location and Extent of Proposed Roads in Tract 3554 
Recommendation 

a) All roads yet to be accepted by the homeowners association, 

dedicated but not accepted and non-dedicated, shall be surfaced 
with a penetrating coat of road oil to control air pollution 
prior to recordation. Said roads to be maintained in an oiled 
condition by the owners association. 

Implementation - Certificate of Compliance from Subdivider’s Engineer 
prior to recordation; field inspection by Public Works Department in 
conjunction with final inspection; inclusion of maintenance require¬ 
ment within C.C. & R's. 

3. Item - Location and Extent of Proposed Highways 

Recommendation - All proposed major/secondary highway alignments 
shown on the Specific Plan are in accordance with the Circulation 
Element of the Kern County General Plan - 1990 with the exception 
of the following: 

a) The section line road along the north lines of Sections 29 & 30, 
T.11N., R.12W., S.B.B.&M.; and Sections 25 & 26, T.11N., R.13W., 
S.B.B.&M. (north boundary of Specific Plan) shall be classified 
as a secondary highway with a 90-foot right-of-way. 

Analysis : The Planning Commission on October 7, 1968, made a 
finding that Texas Avenue (% mile north of Specific Plan boundary) 
be designated as a major highway and that a secondary highway 
alignment be considered along the south line of Section 19, T.11N., 
R.12W. and that the Circulation Element be amended accordingly. 

b) An east/west secondary highway alignment shall be provided through 
Section 29 and a portion of 28, T.11N., R.12W., S.B.B.&M., around 
the north side of Elephant Butte in the general location shown on 
the Plan. 
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Analysis : Such a circulation route would provide a connection 

between the southerly extension of Holt Road and the Frontage 
road adjacent to State Route 14 and collect traffic from 
adjacent lands. 

Implementation - Compliance with the Circulation Element of the 
Kern County General Plan; Official Plan lines should be established 
as the need arises; compliance with adopted design and construction 
standards. 

4* Item - Proposed local streets 

Recommendation - Location, extent and improvement of local streets 
should be reviewed during consideration of tentative subdivision or 
parcel maps. 

Analysis - Since the parcel map procedure has all but replaced sub¬ 
divisions in eastern Kern County, review of such maps should include 
requests for reservation of easements for future local street ( 

alignments. 

ImplementatIon - Compliance with applicable Sections of the Sub¬ 
division of Land Ordinance. 

5. Item - Existing Street Names and Numbers 
Recommendation - No further action necessary. 

Analysis - All street names have been reviewed and approved in 
accordance with County policy. 

6. Item - Location and Extent of Proposed Street Names and Numbers 

Recommendation - All streets shall be named in accordance with County 
policy. 

Analysis - All street names have been approved by the Planning Depart¬ 
ment in accordance with County policy. 

Implementation - Recordation of tentative tract with approved names 
will make such names official. 

7. Item - Location and Extent of Proposed Widths and Standards of 

Construction and Maintenance (Tract 3554) 

Recommendation - No further action necessary. 

Analysis - Requirements under Item B-2 shall be applicable. 

8. Item - Standards of Construction, Maintenance, and Use of Other 

Transportation Facilities, Whether Public or Private 

Recommendation - No action be taken at this time. 

Analysis - As the community grows and permanent residents inhabit the 
area, other means of transportation may be necessary, and alternate 
proposals for providing such transportation facilities should be 
considered if and when the need arises* 



C. Housing - Standards for Population Density and Building Density 

1. Item - Lot Size 

Recommendation - All lots shall contain a minimum of 2 \ gross acres 
with the exception of the Townsite of "Goldtown". (See Item A, 1 
for requirements,) 

Analysis - Maintaining the proposed density will cause the least 
disturbance of the delicately balanced desert ecosystem. It is also 
necessary due to the decreasing ground water level, the questionable 
quality of water in some areas, and the need to preserve a recreational 
atmosphere. 

Implementation - Compliance with the existing Zoning Ordinance for 
land use. 

2. Item - Permissible Type of Construction 

Recommendation - All residences shall be built in a way that shall fit 
the topography with minimum disturbance of the natural terrain. No 
building permit shall be issued for units that do not comply. As 
tracts develop, building restrictions should be recorded reflecting a 
method of preserving the natural landscape. Removal of desert vege¬ 
tation should be limited to within a reasonable distance from the 
perimeter of residential buildings and parking areas. Specimen 
stands of Joshua Trees within the cleared areas should be preserved, 
and improvements should be located so that such specimens are not 
disturbed. Natural existing landscaping should be utilized as much 
as possible. 

Analysis - Limiting the improvement of each parcel in order to preserve 
the natural vegetation will, to a degree, result in the preservation 
of desert animal habitats. Utilizing the existing natural landscaping 
will be beneficial in retarding the decrease in ground water level 
since native vegetation does not require artificial irrigation. 
Preservation of existing vegetation is imperative in order to retain 
the beauty and solitude of the natural desert vista. 

Implementation - Compliance with existing Zoning Ordinance for building 
setback and parking requirements; compliance with County Grading Ordin¬ 
ance; approval of grading plans by the Building Inspection Department 
for all building permits. Any grading contrary to the existing ordin¬ 
ance is to be certified by an engineering or engineering geological 
report prior to construction. Recordation of deed restrictions. 

3. Item - Provisions for Water Supply 

Recommendation - All provisions for water supply to be in strict 
accordance with the Standards and Rules and Regulations for land 
developments of the Kern County Health Department. 
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Analysis - A study of the ground water development potential of 
the Chaffee Sub-Unit (Tract 3554) has been made by Charles A. 
Yelverton, Engineering Geologist. Ground water table elevations 
have shown a steady decline during the past several decades, 
(approximately 4 feet per year). With the exception of Goldtovn, 
water supply within the Plan area will be by individual wells, a 
method which is expected to continue for an indefinite period of 
time. When the need occurs, consideration should be given to 
annexing the Plan area to the Mojave Public Utility District. 

The Geologist's report concludes that: 

a) Adequate water is presently available for domestic wells. 

b) Location of each well (due to underlying strata) will deter¬ 
mine the actual cost of development. 

The water quality of each well should be periodically tested to 
determine whether or not the arsenic content exceeds the level 
recommended for potable water. 

Implementation - Compliance with the Subdivision Ordinance and 
the Standards and Rules and Regulations for Land Developments of 
the Kern County Health Department. 

4. Item - Provisions for Sewage Disposal 

Recommendation - All sewage disposal facilities shall be properly 
designed, installed, and maintained in accordance with the Standards 
and Rules and Regulations for Land Developments of the Kern County 
Health Department and the requirements of the Regional Water Quality 
Control Board - Lahontan Region. 

Analysis - The Health Department reports that individual septic tank 
systems, when properly designed, installed and maintained, will 
function satisfactorily in the Plan area without menace to the public 
health or to the quality of the water supply. 

Imp1ementation - Compliance with appropriate agencies and departments. 

5. Item - Provisions for Storm Water Drainage 

Recommendation - All drainage shall be contained in natural drainage 
channels, and all grading of channels and easements shall be kept at 
a minimum. All side slopes of constructed drainage easements shall 
be reseeded with a natural grass mixture at the rate of 40 pounds 
per acre, properly fertilized and mulched to provide 90Z germination. 
(Tract 3554 is not included in this requirement.) 
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Analysis - Retention of all channels in their natural basins will 
provide a minimum amount of disturbance to the natural environment. 
Where construction is necessary to provide adequate drainage, 
reseeding of slopes will prevent excessive erosion and siltation 
of downstream properties. 

Implementation - Compliance with the applicable Building Codes and 
with the requirements of the Public Works Department for construc¬ 
tion; certification of compliance from the Engineer; verification 
in the field by the Public Works Department. 

6. Item - Provisions for Disposal of Solid Waste 

Recommendation - All disposal is to be made to an authorized Kern 
County disposal site. 

Analysis - The Health Department reports that the proposed landfill 
site, 2 \ miles from the boundaries of the Plan area, will adequately 
service this area. 

Implementation - Compliance with the appropriate State and County 
health laws. 

D* Conservation 


1. Item - Conservation, Development, and Utilization of Natural Resources 
Including: 


a) 

Underground waters 


b) 

Surface waters 


c) 

Forests 


d) 

Vegetation and soils 


e) 

Rivers, creeks, and streams 


f) 

Fish and wildlife 


Recommendations 


a) 

Underground Waters - The quality and 
waters shall not be degraded. 

quantity of underground 

b) 

Surface Waters - None in the area. 


c) 

Forests - None in the area. 


d) 

Vegetation and Soils - All existing 

vegetation that must be 


cleared for building sites shall be 

removed from the site prior 


to completion of construction. Preservation of native plant 
life pursuant to Item C-2 herein. 


J 
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e) Rivers, Creeks, and Streams - None in the area. 

f) Fish and Wildlife - Adherence to the guidelines recommended 

herein will produce the least negative effect on wildlife, other than 
no development at all. 

Analysis - The Developer reports that the underground water supply 
will be adequate to serve the development. Should overdraft occur 
in the future, rationing could be necessary, or annexation to the 
Mojave Public Utility District may be considered. 

Implementation - 

a) Quality and quantity of underground water supply shall be 
monitored by the appropriate agency. 

b) None necessary. 

c) None necessary. 

d) Compliance with and review by the Public Works Department for 
appropriate approval. 

e) None necessary. 

f) Compliance with Specific Plan recommendations. 

2. Item - Standards for Flood Control 

Recommendation - All residential properties shall be free from 
flooding. 

Ana lysis - Most flood control problems will be solved in accordance 
with the requirements of the Public Works Department. All sub¬ 
divisions should come under this control. 

Implementation - Compliance with the requirements of the Public Works 
Department. 

3* Item - Standards for Prevention and Control of Pollution of Rivers, 
Streams, and Creeks 

Recommendation - None necessary. 

Ana lysis - There are no bodies of running water within the Plan 
boundaries. 
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4. Item - Standards Relating to Land Use in Stream Channels and Other 

Areas Which Affect Fish, Wilflife, and Other Natural Resources 

Recommendation - None necessary, 

5. Item - Standards for Prevention, Control, and Correction of Soil 

Erosion Caused by Subdivision Roads and Other Sources 

Recommendation - No construction shall be allowed unless mitigating 
measures are implemented to prevent erosion. 

Ana lysis - In an area of naturally scenic landscape, all measures 
should be taken to prevent unsightly scarring of the land. Cuts, 
fills, and "padding" of lots should be minimized. 

Implementation - Initially, compliance with the Building Code and 
reseeding of any fill or cut with native seed mix at 40 pounds per 
acre properly fertilized; development and adoption of a grading and 
erosion control ordinance for lot grading and road construction, 

6. Item - Standards of Protection of Watershed Areas 

Recommendation - No watershed area shall be degraded as a result 
of a development within the area. 

Ana lysis - Review of watersheds is made in conjunction with drainage 
control and water quality control. Standards have been established. 

Implementation - Compliance with the existing standards of the 
Regional Water Quality Control Board and the Public Works Department. 

E. Open Space 

1, Natural Resource Land 

a) Item - Botanic Communities 

Recommendation - All possible safeguards shall be initiated to 
prevent destruction of Joshua Trees. 

Analysis - There are no botanic communities designated within 
the Plan area, however, there are scattered stands of Joshua 
Trees which should be protected. (Refer to Item C-2) 

Imp1ernentation - Review by local agencies as development occurs. 

b) Item - Wildlife Habitats 


J 
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Recommendation - Refer to Item C-2. 

c) Item - Mineral Resources 
Recommendation - See Item A-3. 

d) Item - Soils 

Recommendation - Refer to Item D-l-d 

e) Item - Forests 
Recommendation - None necessary. 

f) Item - Water 

Recommendation - Refer to Items D-l-a and D-6. 

2. Item - Agricultural Lands 

Recommendation - Refer to Item A-5. 

3. Item - Recreation Land 

a) County Parks 

Recommendation - Refer to Item A-6. 

b) City Parks - Not applicable. 

c) State Parks - Not applicable. 

d) Federal Parks 

Recommendation - No additional services are recommended. 

e) Private Lands 

Recommendation - Refer to Item A-6. 

4. Item - Scenic Lands 

Re c omme nd a tion - All possible safeguards should be made to protect 
the scenic lands along State Route 14, designated as a proposed 
Scenic Highway, and other County roadways. 
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Analysis - No billboards or unsightly construction should be 
allowed within the scenic lands along roadways. All utilities 
along the route should be underground. State Route 14 provides 
an excellent example of scenic desert lands for visitors traveling 
through eastern Kern County and should be protected. 

Implementation - Compliance with existing Zoning Ordinance, where 
applicable. 

5. Item - Hazard Areas 

Recommendation - No permanent residence or structure or temporary 
residence or structure shall be allowed on slopes of 40% or more, 
or within lands subject to inundation or ponding, unless structural 
methods are employed to eliminate such hazards. 

Analysis - There are several natural drainage channels within the 
Plan area that could inundate residential lands during cloudburst 
conditions. Two such drainage channels converge along the north 
boundary of "Goldtown", traversing the townsite in a southeasterly 
direction. There is also a natural ponding area in the southerly 
portion of the Plan area just west of Soledad Mountain. No building 
permits should be issued within these areas until precautionary 
methods have been employed to eliminate the possibility of flooding 
and inundation. A drainage study should be made of the hazardous 
areas and methods proposed for controlling such drainage and ponding 
within and through urbanized areas. 

Implementation - Refer to Public Works for drainage study. No 
building permits to be issued within areas subject to inundation. 

F, Scope of Application 

The foregoing Specific Plan shall apply to all land development, including 
but not confined to subdivisions and divisions of land other than sub¬ 
divisions , 
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SPECIFIC AND AREAWIDE PLAN 
MAXIMUM ALLOWED LAND USES 

^outh of Mojave, Elephant Butte South of Mojave.W of 2 4 

[Project Name] [General Area] 

LEGAL DESCRIPTION [General]: Sections 25,26,35 & 36, TUN, R13W; Sections 
1,2 & por. 13, T10N, R13W; portions of Sections 23 & 33 & all Sections 29- 
32, TUN, R13W; Sections 5-7 & por. Sections 4 & 8, T10N, R12W, S3B&M 

TOTAL PROJECT AREA:_ 9302 _ACRES ACREAGE 


1. NON-JURISDICTIONAL 

1.1 STATE AND FEDERAL LAND 

1.2 INCORPORATED CITIES 


280 


3 . 


5 . 


PUBLIC FACILITIES 

3.1 PUBLIC AND PRIVATE RECREATION AREAS 

3.2 EDUCATIONAL FACILITIES 

3.3 OTHER FACILITIES [SPECIAL USES] 

3.4 SOLID WASTE FACILITIES 

3.5 HAZARDOUS WASTE DISPOSAL LAND FACILITY 

3.6 HAZARDOUS WASTE DISPOSAL UNDERGROUND 


INJECTION FACILITY 


RESIDENTIAL 

5.1 MAXIMUM 

5 . 2 MAXIMUM 

5.3 MAXIMUM 

5.4 MAXIMUM 

5.5 MAXIMUM 

5.6 MINIMUM 

5.7 MINIMUM 

5.8 MINIMUM 


29 UNITS/NET ACRE 
16 UNITS/NET ACRE 
10 UNITS/NET ACRE 
4 UNITS/NET ACRE 
1 UNIT /NET ACRE 
2.50 GROSS ACRES/UNIT 
5.00 GROSS ACRES/UNIT 
20.00 GROSS ACRES/UNIT 


RECOMMENDED 
# OF UNITS 


1225 


2356 


6. COMMERCIAL 

6.1 MAJOR COMMERCIAL 

6.2 GENERAL COMMERCIAL 

6.3 HIGHWAY COMMERCIAL 


7. INDUSTRIAL 

7.1 LIGHT INDUSTRIAL 

7.2 SERVICE INDUSTRIAL 

7.3 HEAVY INDUSTRIAL 


8 . 


RESOURCE 

8.1 INTENSIVE AGRICULTURE [MIN. 

8.2 RESOURCE RESERVE [MIN. 

3.3 EXTENSIVE AGRICULTURE [MIN. 

[MIN. 


20-AC . ] 
20-AC . ] 
80-AC . ] 
20-AC . ] 


8.4 MINERAL AND PETROLEUM _ 

8.5 RESOURCE MANAGEMENT [MIN. 20-AC.] _ _ 

************************************************** ********* * *~~* * * * * * 


TOTAL RECOMMENDED UNITS: 3581 

TOTAL ACREAGE: 

NOTE: The above densities are maximums and may be reduced to 
acceptable levels If environmental analysis and/or 
general plan policies require reduction. 


175 


7140 


82 


1500 

125 


9302 


EILE NUMBER 196-00-4-006 


B-38 




APPENDIX III 



PLANNING DEPARTMENT 


RESOURCE MANAGEMENT AGENCY 


TED JAMES, A.I.C.P., Director 

2700 “M" STREET, SUITE 100 
BAKERSFIELD, CA 93301 
ne: (805) 861-2615 
, ,.X: (605) 861-2061 



JOEL HEINRICHS, AGENCY DIRECTOR 

Air Pollution Control District 
Airports Department 
Engineering & Survey Services Department 
Planning Department 
Transportation Management Department 
Waste Management Department 


June 13, 1994 

TO THE BOARD OF SUPERVISORS 


RE: Memorandum of Understanding, Kern County and the Bureau of Land 

Management; Surface Mining and Reclamation Plan Coordination 
Funding: No Fiscal Impact 


Dear Members of the Board of Supervisors: 

In 1990, the State of California Department of Conservation and the Bureau of Land 
Management (BLM) entered into a State-wide Memorandum of Understanding wherein the BLM 
acknowledged that surface mining activities conducted on BLM administered lands will be 
subject to the State Surface Mining and Reclamation Act of 1975 (SMARA). As part of this 
agreement the BLM acknowledged that counties (or cities) have lead agency responsibility to 
approve reclamation plans on BLM administered land, while the BLM would retain operational 
permit authority. Since l99tL-the County has been processing reclamation plans on BLM 
administered land through the Conditional use permit process. The adopted Memorandum of 
Understanding between the State and the BLM also encourages the adoption of similar 
agreements between local regional BLM offices and the responsible county. To this end, the 
Caliente Resource Area and Ridgecrest Resource Area BLM offices, have requested that the 
County enter into the attached Memorandum of Understanding. 

The primary purpose of the recommended Memorandum of Understanding is to encourage 
coordination between the BLM and the County related to the processing of surface mining 
permits and reclamation plans on BLM administered lands. A related objective is to encourage 
the joint preparation of environmental documents and to reduce the overall processing time that 
would typically be required for an applicant to independently secure all necessary approvals from 
each agency. Another benefit of the recommended MOU will be to establish coordinated 
enforcement responsibilities between the two agencies and to acknowledge that County personnel 
have the right to enter onto BLM administered lands for the purpose of determining reclamation 
plan compliance. Nothing in the proposed MOU will pre-empt the County from the normal 
exercise of its land use authority over reclamation plans. 


PRINTED ON RECYCLED PAPER 
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IT IS RECOMMENDED that your Board approve the proposed Memorandum of Understanding 
and authorize the Chairman to sign. 


Very truly yours, 

\ -— 

TED JAMES, AICP, Director 
Planning Department 


TJ:JEE:jb 


LI.BOS 
Enclosures 


cc County Administrative Officer 
County Counsel 

State Mining and Geology Board 
BLM - Caliente Resource Area 
BLM - Ridgecrest Resource Area 
Resource Management Agency 
Grand Jury 

Colleen Gallo, Senior Planner 

Scott Denney, Associate Planner 

Aaron, Leicht, Engineering & Survey Services 



Kern County 
Aai. 
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MEMORANDUM OF UNDERSTANDING 

Concerning Surface Mining and Reclamation in the County of Kern, State of California in 
accordance with California's Surface Mining and Reclamation Act (SMARA) of 1975, as amended, 


by and between the 
COUNTY of KERN 


and the 


U. S. DEPARTMENT OF THE INTERIOR 
BUREAU OF LAND MANAGEMENT 
Bakersfield District, Caliente Resource Area, 
California Desert District, Ridgecrest Resource Area 


I. PURPOSE 

THIS MEMORANDUM OF UNDERSTANDING (MOU) is made and entered into by and between Kern 
County, a political subdivision of the State of California (County) and the U.S. Department of the 
Interior, Bureau of Land Management, Bakersfield District, Caliente Resource Area, and California 
Desert District, Ridgecrest Resource Area (BLM) for the purposes of: 

(A) Providing for the consistent application of an adequate and appropriate mining and 
reclamation policy throughout Kern County; and 

(B) Regulating surface mining and reclamation activities related to mining, mineral 
material sales, mineral leasing, under the General Mining Laws of 1872, as 
amended, Mineral Materials Sales Act of 1947, as amended, and Mineral Leasing 
Act of 1920, as amended, which are located on lands and/ or mineral estate under 
BLM jurisdiction within Kern County: in so far as those surface mining and 
reclamation activities are subject to state and local environmental regulations (ref. 
California Coastal Comm. v. Granite Rock Co., 480 U.S. 572, 1987); and 

(C) Coordinating and simplifying the administration and processing of applicable NEPA, 
CEQA, FLPMA, and SMARA documents. 

II. RECITALS 

(A) The California State Office of the Bureau of Land Management and the State of 
California, operating by and through the Department of Conservation, State Mining 
and Geology Board have entered into a statewide MOU. A copy of the statewide 
MOU is attached hereto as exhibit "A". 

(B) The statewide MOU encourages the adoption of "specific area agreements" at the 
local level (including, but not limited to, joint powers agreements and MOUs) 
between appropriate federal land managing agencies and "lead agencies" under 
SMARA. 
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(C) The County, as "lead agency" under SMARA, and the BLM are desirous to enter 
into a MOU as such a "specific area agreement" under the provisions of the 
statewide MOU. 

(D) It is the intent of the parties entering into this MOU, that applicable state and local 
environmental regulations which do not conflict with federal laws or regulations 
shall be observed on lands and/ or mineral estate under BLM jurisdiction, within 
Kern County. 

(E) It is the further intent of the parties entering into this MOU that nothing in the MOU 
shall interfere or diminish the ultimate authority of the BLM when making land use 
decisions affecting lands under BLM jurisdiction. 

III. EXEMPTIONS 

In conformance with SMARA, the following operations are exempt from the provisions of this 
MOU. (It should be noted that mining operations may be subject to other regulatory requirements 
related to air and water quality, grading, zoning, etc.) 

(A) Surface mining operations that are required by Federal law in order to hold a mining 
claim, if such operations are conducted solely for that purpose, (i.e. this is typically 
defined as "annual assessment work." It does not include development drilling or 
extraction of minerals for commercial purposes which are not exempted from 
applicable provisions of SMARA.) 

(B) Prospecting for, or the extraction of, minerals for commercial purposes which does 
not involve either the removal of more than 1,000 cubic yards of minerals, ores, 
and overburden, and/or involve more than one acre in any one location. 

NOTE: For exploratory drilling activity (where it can be demonstrated on a case by 
case basis that satisfactory concurrent reclamation has occurred) calculations to 
determine the SMARA threshold limits, shall take into consideration the "net" 
unreclaimed surface disturbance at any one location. 

(C) Such other surface mining operations the BLM, State or County may determine to 
be of an infrequent nature and which involve only minor surface disturbances. 

(D) Nothing in this MOU shall be construed as requiring the processing of a County 
permit or Reclamation Plan for surface mining operations which were in existence 
but ceased operations, prior to January 1, 1976. 
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IV. PERMIT PROCESSING 

The parties to this MOU understand and agree to the following: 

General provisions: 

(A) The County and BLM shall work cooperatively to insure that conditions required of 
operators to minimize adverse environmental impacts, conform to all applicable 
local, State and Federal regulations. 

(B) The County and BLM shall review and coordinate Environmental Documents, 
Operating Plans, Reclamation Plans, Permits and Performance Assurances for those 
mining operations that include both Federal and a combination of Federal and 
non-Federal lands. The objective of the review and coordination process shall be to 
avoid conflicting and duplicative requirements and to keep procedural impacts on 
the mining operators to the minimum necessary to meet Federal, State, and County 
lead agency requirements. 

(C) Lead agency permitting responsibilities with respect to surface mining operations 
which are located on a combination of Federal and non-Federal lands, shall be 
determined on a case-by-case basis by the parties involved. 

(D) The County agrees to accept as functionally, equivalent documents to meet their 
requirements under SMARA, CEQA and local ordinances; those operating plans, 
reclamation plans and environmental studies submitted pursuant to federal 
regulation, provided such plans and environmental studies submitted pursuant to 
Federal regulation meet or exceed applicable State and County regulatory 
requirements. 

(E) The BLM agrees to accept as functionally equivalent documents to meet their 
requirements under FLPMA, NEPA and other Federal laws and regulations; those 
permits, reclamation plans and environmental studies submitted to the County 
when such permits plans and studies meet or exceed applicable BLM regulatory 
requirements. 

(F) The County and BLM shall, on a site specific basis, agree to guidelines including 
requirements for performance standards to be used and accepted by both agencies 
when coordinating and processing Permits, Operating Plans, Reclamation Plans and 
Environmental Documents through their respective agencies. 

For mineral resource development projects located on lands and/ or mineral estate under BLM 
jurisdiction the following provisions shall be applicable. 

(G) Operators will be notified by BLM that failure to file and obtain County approved 
reclamation plan in compliance with SMARA and applicable provisions of County 
ordinance will be subject to a BLM issued "Notice of Non-Compliance." 

The County shall forward surface mining and reclamation plan applications that 
may potentially affect BLM administered lands and/ or mineral estate, to BLM for 
initial review and circulation. The applications will be forwarded no later than 30 


(H) 
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days after the application is deemed complete, except where an environmental 
document pursuant to CEQA will be prepared by the county, in which case BLM 
shall be treated as a responsible agency, as defined by the CEQA guidelines, in 
which case BLM shall be included in the "early consultation" phase and all 
subsequent phases for preparation of that document. 

(I) For mining operations requiring a "Plan of Operation," BLM shall provide to the 
County notice within 30 days after the Plan is deemed by BLM complete, and the 
opportunity for early participation and consultation. 

Within 30 days of receipt o-f notification, concerning a proposed "Plan of 
Operations," the County will provide comments to the BLM so that they may be 
considered and incorporated, where appropriate, as part of the environmental 
review and proposed federal agency decision. 

Public hearings as may be required by the County, in compliance with SMARA, 
shall be coordinated with the processing of the BLM "Plan of Operations." The 
County shall correspond directly with BLM concerning SMARA compliance. BLM 
shall require applicants to comply with applicable provisions of SMARA and the 
County's Surface Mining Ordinance that do not conflict with Federal law. 

(J) Unless exempt under item III of this MOU, existing "surface mining operations" 
(as defined in SMARA) which are located on land and/ or mineral estate under BLM 
jurisdiction shall file Reclamation Plans with the county in compliance with SMARA. 

(K) Where BLM, or a BLM contractor is to be the operator for "surface mining 
operations" (as defined in SMARA - including community pits etc.) reclamation shall 
be in compliance with Federal regulations and applicable provisions of SMARA. 

(L) The BLM, in consultation with the County, shall be responsible for determining the 
amount, form and adequacy of performance assurances required for mining permits. 
BLM approved bonds or assurances may be used to satisfy County assurance 

4 requirements when the County and State Mining and Geology Board are added as 
co-signatories and the approved bonds and assurances meet all County 
requirements. The County shall be given 30 days written notice, prior to the 
adjustment or release of any such required performance assurances. 

For mining activities that qualify under BLM "Notice" requirements, the County, in 
consultation with BLM, shall be responsible for determining the amount, form and 
adequacy of performance assurances with respect to any reclamation plan filed 
with the County. The BLM shall be given 30 days written notice, prior to the 
adjustment or release of any such required performance assurances. 

(M) The County and BLM agree to coordinate their respective enforcement and 
monitoring activities in order to provide consistency in the application of mining 
permit terms and conditions. Operators who fail to meet SMARA or County 
requirements shall be subject to a BLM issued "Notice of Non-Compliance." The 
County shall have the right to enter BLM administered land for the purpose of 
conducting inspections on mine sites approved pursuant to this MOU. 
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The County and BLM are responsible for enforcement of approved combined 
SMARA/ BLM reclamation plans. 

(N) For operations abandoned after the effective date of this agreement, BLM and Kern 
County will jointly devise a recommended reclamation plan and completion 
schedule. BLM will apply for reclamation funds in accordance with applicable 
regulations and funding provisions. Kern County will jointly apply for reclamation 
funds through its appropriate channels when any mining operation is abandoned for 
which the county approved a reclamation plan. This Section is not intended to 
preclude other enforcement actions taken jointly by the BLM and Kern County to 
compel compliance from any operator found not to be in compliance with an 
approved reclamation plan. 

V. MISCELLANEOUS PROVISIONS 

(A) This MOU may be signed in counterparts and shall become effective on the date 
last signed by the authorized agent(s) of the County and BLM. 

(B) The terms and conditions of this MOU may be modified upon the initiative of either 
County or BLM for the purpose of ensuring consistency with County, State or 
Federal statutes or regulations, or for any other purpose mutually agreed upon by 
the parties. In order to be effective, any such modification must be in writing, 
subject to a 30 (thirty) day notice, and must be signed by the County and BLM. 

(C) This MOU shall continue in full force and effect unless terminated by either the 
County or BLM upon a thirty (30) day written notice. 

(D) Agency contacts related to this agreement shall be: 

(1) KERN COUNTY 

Kern County Planning Department Kern County 
2700 M Street, Suite 100 
BAKERSFIELD, CA 93301 

(2) BUREAU OF LAND MANAGEMENT 

Area Manager 
Caliente Resource Area 
3801 Pegasus Drive 
Bakersfield, CA 93301 

Area Manager 
Ridgecrest Resource Area 
300 South Richmond Road 
Ridgecrest, CA 93555 
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VI. SIGNATURES 

This document may be signed in counterparts. 

COUNTY OF KERN 

Da,ft: 4 - 

Kern County Board of Supervisors 



Approved as to Form: 


r_ —i' t v ' 

County Counsel 


Date: 


Approved as to Content: 



Pate ^-H 


U.S.D.I., BUREAU OF LAND MANAGEMENT: 



Ridgecrest Resource Area Manager 


Date: 


oyt/fe/ 



EXHIBIT A 


Memorandum of Understanding 
Between 

The California Department of Conservation 
and the 

The State Mining and Geology Board 
and the 

Bureau of Land Management 
February 7, 1990 



MEMORANDUM OP UNDER8TANDTNC 


Surface Mining and Reclamation Coordination in the State 
California in accordance with California's Surface Minina 
Reclamation Act (SMARA) of 1975, as amended y 


of 

and 


by and between the 


STATE OF CALIFORNIA, DEPARTMENT OF CONSERVATION 
AND THE STATE MINING AND GEOLOGY BOARD 

and 


the 

U. S. DEPARTMENT OF THE INTERIOR, 
BUREAU OF LAND MANAGEMENT, CALIFORNIA 


THIS AGREEMENT is made and entered into by and between the 
State cf California, Department of Conservation, th«Sgh its 
Director, and the State Mining and Geology Board, throuqh its 
Chairman (jointly referred to herein as "the State") and the 
Bureau of Land Management (BLM), through its State Director 
California, for the purposes of: (i) assuring the consistent 
application of adequate and appropriate reclamation 
throughout the State of California; (2) simplifying the 
administration of surface mining and reclamation practice 
requirements on Federal lands and on a combination of Federal 
and private lands; (3) achieving coordination of activity 
governing reclamation; and (4) eliminating duplication among 
the aforementioned agencies and counties serving as lead 
agencies ("lead agencies" pursuant to the Surface Mining and 
Reclamation Act, Public Resources Code Section 2728) in 
implementing State and Federal requirements. 

WITNESSETH: 


WHEREAS, local, State, and BLM have certain legal 
requirements in regulating the effects of surface mining on 
Federal lands and on combinations of Federal and private 
lands, it is deemed advisable to develop an understanding 
between BLM and the State to serve as guidance for 


local agencies, BLM and the State in fulfilling their agencv 
regulatory responsibilities in such situations. 

WHEREAS, for purposes of this agreement, the following are 
exempt from SMARA pursuant to Public Resources Code 
Section 2714: 


(1) Prospecting for, or the extraction of, minerals for 
commercial purposes and the removal of overburden 
in total amounts of less than 1,000 cubic yards in 
any one location of one acre or less; 

(2) Surface mining operations that are required by 
federal law in order to protect a mining claim 
(i.e. annual assessment work), if such ooerations 
are conducted solely for that purpose; and 

(3) Such other surface mining operations which the State 
determines to be of an infrequent nature and 

which involve only minor surface disturbances. 


WHEREAS, a Memorandum of Understanding (MOU) between the 
State, and BLM, governing surface mining and reclamation 
coordination in the State of California, was signed in 1979 
and remains in effect until this new agreement is siqned bv 
each party. ^ * 


WHEREAS, several acts of .Congress provide for persons to 
prospect and mine on Federal lands which are administered hv 
the BLM, and which are open to the operation of the United 
States mining, mineral leasing and mineral materials laws 
providing they comply with the rules and regulations covering 
the Federal lands involved (applicable regulations include 25 
CFR 211 , 43 CFR 3802, 3809, 3500, and 3600). 


WHEREAS, Federal laws and regulations require that operations 
authorized under Federal mining, mineral leasing, and mineral 
material laws shall be conducted so as to minimize adverse 
^rwi^oninental impact, ov prevent unnecessary or undue 
degradation caused by such operations, and that the land be 
reclaimed to a second productive use, where practicable. 

WHEREAS, BLM is authorized to work with the State for the 
purposes of coordinating Federal, State and local regulatory 
activities for environmental-protection [applicable 
regulations include 43 CFR 3809. 3 - 1 (a)-(c)]. 


WHEREAS, for proposed mineral operations, the purpose of both 
the National Environmental Protection Act of 1969 (NEPA) and 
the California Environmental Quality Act (CEQA) is to assure 
the identification, analysis, and disclosure of significant 
environmental impacts associated with proposed projects and 
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the incorporation of feasible mitigation to address 
significant adverse environmental impacts. 

WHEREAS, the statutory requirements of the National' 
Environmental Protection Act of 1969 (NEPA) for tho mv 
the California Environmental Quality Act (CEoAf VZZ and 
local agencies are largely equivalent (CE ° A) f ° r State and 

WHEREAS, city and county "lead agencies" have the 
responsibility under the Surface Mininq and Recl^t,' 
of 1975 (Public Resources Code Section? 1^0-2795^ A?" 
amended, and state policy for surface minima and rec?L=t ■ 
practice (California Code of Regulations Sections 3500 - 35 A?? 

surface mining and reclamation within their ' 
jurisdictions to assure that: weir 

(1) Adverse environmental effects are prevented or 
minimized and that mined lands are reclaimed to a 
usable condition which is readily adaptable for 
alternative land uses; 

(2) The production and conservation of minerals are 

- Whlle giving consideration to values 
relating to recreation, watershed wildlife „ S 
and forage, and aesthetic enjo^At? ln d ' 

W eliiiiiS e S? ZardS t0 thS PUbli ° health and sa fety are 

WHEREAS, "lead agencies" are cities, counties or other- 
agencies designated by the Board which have the nr-? th 7 
responsibility for approving a snrAZZ J&JIn^SpSSSiS*™ 
reclamation plan (as defined by SMARA and other relevant 

SHARA at and%h nd orddnanCGS ) Pursuant to the provisions of 
SMARA, and the use herein of the words "i« ri f, 5 , 

signify the Board's approval for lead agencies 9 *" use the* 11 
guidance m this MOU to satisfy the requirements of 
applicable State laws and regulations for surfaro • . 

reclamation on lands in California?" 5 ^ SUrface minin 9 and 

WHEREAS, lead agency surface mining and reclamatinn 

aDDlicSbi S certified h y the Board include and comply with 
applicable provisions of state laws and regulations^ " 
surface mining and reclamation practice. 9 tlons for 

NOW, THEREFORE BE IT RESOLVED that the parties to this 
memorandum hereby understand and agree that the fniVi • 
will satisfy the aforesaid requirements o? the a?™ ? 9 , 

and are acceptable to both BLM and the State T f f id laws 
that in regulation of surface mi“ng of min^alfo^P^” 8 ? 
lands and on combinations of Federa? and private land? lhat: 
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Lead agencies and BLM will work cooperatively to 
insure that conditions required of operators 7 (as 
defined by Federal law, and by SMARA and any other 
relevant regulations and ordinances) i n minimizing 
adverse environmental impacts conform to all 9 
applicable local, State, and Federal regulations. 

Lead agencies may accept as functionally equivalent 
documents to meet their requirements under SHARA 
operating plans, reclamation plans and environmental 
studies submitted pursuant to federal regulation 
provided such plans and studies meet or exceed lead 
agency requirements as included in the lead aqencv's 
State-certified surface mining and reclamation 
ordinance and any other applicable laws and 
regulations; and alternatively, BLM may accept as 
functionally equivalent documents to meet their 
requirements operating plans, reclamation plans and 
environmental studies submitted to the lead aqencv 
when such plans and studies meet or exceed 7 

requirements set by the BLM. 

Lead agencies nay accept as functionally equivalent 
documents prepared under NEPA (40 CFR 1500 - 1508 ) Shat 
meet the requirements of CEQA. tnat 

Lead.agencies and BLM will use, insofar as 
applicable, guidelines and a checklist (upon approval 
by the parties to this agreement) in 'the development' 
of appropriate environmental documents and P ” nt 
reclamation plans. 

Lead agencies may enter, and in fact are encouraaed 
o enter, into specific area agreements (including 
wifh n mw 1 ^ aited tD ' ^oint . powers agreements and MOUs) 
r .i^ H BLM ^ fDr P ur P° ses of implementing this agreement 
coorcHnatmg reviews, avoiding duplication, and ' 

facilitating participation by affected agencies 
Issues that may be addressed by such agreements* 
include, but are not limited to, the filing review 

procjdu™. £or a ?Pr°val of reclamation plans 

J s ' Public inspection and enforcement activities 
and bonding requirements. Such specific area * 

agreements shall be in conformance with the lead 
agency's certified surface mining and reclamation 
ordinance and Federal- law and regulation, a model is 
being prepared to be used as guidance for the 
development of such agreements upon its approval bv 
the parties to this agreement, * ^ 



( 6 ) 


(7) 


( 8 ) 


B y w ri tte n a gree m e nt BLM may delegate authority to 
lead agencies to be solely responsible for 
processing, to approval, all mining operations which 

« CF^SC9 t °* f ;2T r, V inin9 laW in “=«da“. SiS 

43 CFR 3809. A delegation agreement may provide 
among other things, for lead agencies to forward' 
copies of submitted exploration and development 
permit applications to BLM; to provide a 10-dav 
comment period to BLM; and prior to approval or 
rejection, to provide BLM 5 working days to comment 
on proposed reclamation and other requirements 

For the purposes of this agreement, assessment work 
required to protect claims under federal law is 

aS pros P ectin g exploration work completed 
for the purposes of discovering an ore body. itdoes 
not include development drilling or extraction of 
minerais for commercial purposes, which are not f 
exempted from the provisions of SMARA. 

For BLM's Notices (written notification required to 
be provided to the BLM under 43 CFR 3809.1-3) f or 

da^a^r^ceLfbv S£'\ ln Si “ ° r ^ « 5 
aays arter receipt by BLM of an accepted Notice rtm 

will forward a copy of tha Notice to the lead aien^J 

for appropriate action by the lead agency. The^ead 

agency nay correspond directly with the operator for 

purposes of approval in accordance with SMARA 

including any and all additional conditions aAd 

requirements, and will send copies of all 

correspondence and requirements to the BLM. 

For any mining operations requiring a Plan of 
Operations for projects solely on Federal land RTM 
Will provide lead agencies notice and the opportunity 
-for eariy participation, consultation, and sSbmission 
of information and recommendations for the 

SSESSS of^nvitonbettal Assessment Reports and 

(10) Within 30 days of receipt of notification under 
paragraph (9) above and copies of relevant 
informational.documents, lead agencies will provide 
comments and recommendations to BLM so that they may 
be considered and incorporated, as appropriate as Y 

fdcLil-.: envlronmeotal ^view and pro £ osed ffe 

(11) BLM will forward the environmental and decision 
documentation, which includes the reclamation Sian 
requirements, to the lead agency for appropriate 
consideration. Public hearings for compliance Sith 


(9) 



SMARA and the certified lead agency SMARA ordinance 
should be coordinated with BLM. The lead aqencv will 
correspond directly with the applicant, and send 
copies to BLM, regarding adopted conditions of 
approval which differ from conditions of BLM 
approval. 

(12) Lead agencies will forward to BLM copies of all 

surface mining proposals and draft reclamation plans 
they receive for operations located entirely on BLM 
JL anas • 

(^3) Implementation of measures to mitigate adverse 

environmental impacts to off-site, non-federal lands 
will be authorized, permitted, or otherwise directed 
by the lead agency or other responsible local or 
State agency. 

(14) Lead agencies will notify the BLM whenever an 
application for approval of mining activities is 
received and a draft reclamation plan is completed 
for an operation which comes under the purview of 
SMARA and lead agency requirements on areas adiacent 
to BLM public lands, and will give the BLM an 
opportunity to provide information and 
recommendations for such plans. 

(15) Lead agencies and BLM will review and coordinate 
Environmental Documents, Operating Plans, Reclamation 
Plans and Permits for thdse mining operations that 
include both-BLM lands and private lands. The 
objective of the review and coordination process is 
to avoid conflicting and duplicative requirements in 
Operating Plans and Permits and to keep procedural 
impacts on the mining operators to a minimum 
necessary to meet all applicable requirements 
Coordination responsibilities for operations 
encompassing two or more mixed private and BLM 
ownerships should be determined on a case-by-case 
basis by the parties involved. 

(16) BLM will approve the Plan of Operations when the 

operator agrqes to the conditions and stipulations 
including the appropriate measures to mitiqate 
adverse environmental impacts, incorporated into the 
plan or permit to meet applicable BLM, State and 
local reclamation requirements. The operator must 
also comply with other applicable Federal, State, and 
local laws and regulations including those pertaining 
to hazardous substances. 9 
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(17) 


(18) 


(19) 


Where BLM is the operator (i.e., for community nits^ 
and where a Federal agency contractor will be the ' 
operator for surface mining activities on Federal 
lands, requirements for reclamation and any other 
necessary environmental documentation will be 
prepared and approved in accordance with the 
consultation procedures of this MOU to assure that 
private activities on BLM lands meet all applicable 
local, State, and Federal requirements. 

To the extent practicable, lead agencies and BLM will 
coordinate their enforcement and monitoring 
responsibilities, and will cooperate in the 
correction and abatement of any violations of the 
conditions of operation imposed in accordance with 
the procedures described in this MOU. 

BLM, in consultation with lead agencies, will be 
responsible for determining whether a reclamation 
bond or other assurance is needed on Federal land 
and if so, the amount and adequacy of the bond or' 

°^ e J; a J su JJ nce ' making adjustments, and releasing 
the bond after completion of reclamation. Any 
federaliy-required bond or assurance may be used to 
satisfy local and State surety requirements. 


Effective Date of this Agreement: 

This agreement shall become effective upon each party bv 
signature of that designated party and shall supersede the 
previously referenced 1979 MOU when signed by all parties. 

Kodlficati on of this Agreement; 

^i S ^ eemE 2 t be ”' odifieci u P on the initiative of any of 
the parties for the purpose of ensuring consistency with 7 
state or federal statutes or regulations, or for any other 
p urpose mutually agreed upon. In order io be effective fnv 
such modification must be in writing, subject to 30 days ^ 
notice, and must be signed by all of the designated parties. 
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Termination of this Agreement : 

This agreement shall continue in force until terminated by 
any party upon thirty (30) days written notice to the other 
parties. The parties intend to review this agreement at the 
end of 12 months, and periodically thereafter, as needed. 



BUREAU OF LAND MANAGEMENT: 




State Director 


DATE: 




DATE: 


STATE OF CALIFORNIA: 

A - _ — 

Chairman, 

State Mining and Geology Board 
DATE: |-2ST'5^ 
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CERTIFICATE OF ADOPTION OF RESOLUTION 
AUTHORIZING CHAIRMAN TO SIGN INSTRUMENT 


The undersigned, Clerk of the Board of Supervisors of the County of 
Kern, hereby certifies that the following resolution was adopted by said 
Board of Supervisors at a regular (special) meeting duly convened on the 
_ 13th day of June _ L 1994 : 

"WHEREAS, this Board has determined that the County of Kern should 
enter into a certain contract with U. S. Department of the Interior, 
Bureau of Land Management, Bakersfield District, Caliente Resource Area, and 
California Desert District, Ridgecrest Resource Area (BUM) _ 


_ bearing date the __ 13th __ day of June., 

1994_ and entitled: Memorandum of Understanding Concerning Surface 

Mining and Reclamation in the County of Kern, State of California in 
accordance with California's Surface Mining and Reclamation Act (SMARA) of 
1975, as amended_____ 

NOW, THEREFORE, BE IT RESOLVED by the Board of Supervisors of the 
County of ‘Kern, State of California, that said instrument be, and it is 
hereby executed on behalf and in the name of said County of Kern, and the 
Chairman of this Board is hereby authorized and directed to sign his/her 
name thereto on behalf of said County." 


The undersigned further certifies that on the date last mentioned the 
person who so signed said instrument was the duly elected and acting 
chairman of said board, and that his signature on said instrument is 
genuine. 


The undersigned further certifies 
the following vote: 

Ayes: Ashburn, Austin, Shell 

Noes: None 

Absent: Larwood, Peterson 
Dated: June 13, 1994 _^ 


that said resolution was adopted by 



Ref. No. 9411232 


SUE DAVIS 


Clerk of the Board of Supervisors, 
County of Kern 


By. 




Deputy Clerk 
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EXECUTIVE SUMMARY 


The 55° design slope angles for the Ultimate Pit Boundary on 
Soledad Mountain and the pitwalls for the interconnected pits 
inside the Ultimate Pit Boundary of the planned open pit mine on 
Soledad Mountain should be stable. In fact, the pitwall slope 
angles could be safely increased to 63.4 degrees (two vertical to 
one horizontal) without hazarding the stability of the final 
planned pit slopes. The factors of safety are for dry slope 
conditions, assuming that the old mine workings have released any 
pore pressure that could otherwise be present along adversely 
oriented fracture(s). Table 1 presents the limiting equilibrium 
factors of safety for the critically oriented planned pit 
highwalls. Figure 1 presents the Ultimate Pit Boundary and the 
location of smaller interconnected pits inside the Ultimate Pit 
Boundary. The stability of the planned 55° pit slopes is primarily 
the result of the generally steep dip of most of the natural 
fractures (joints) present in the various rock types exposed on 
Soledad Mountain. The favorable steep dip of the natural fracture 
orientations more than makes up for the one low (Rhyolite Porphyry) 
and two medium (Upper Pyroclastic Unit and Middle Pyroclastic Unit) 
strength rock types. It is the favorable natural fracture 
orientations present that accounts for the resistance to erosion 
that has preserved Soledad Mountain surrounded by adjacent flat 
semi-desert. Figure 2 presents the planned ultimate pitwalls, rock 
type distribution and structural domains identified along, around 
and within the Ultimate Pit Boundary. Figure 3 indicates the 
critical maximum-height pitwall slopes along, adjacent to and 
inside the Ultimate Pit Boundary. 

Five rock types are present in the area of the planned pit. 

All the rock types are Tertiary in age. These rock units are from 
oldest to youngest the Quartz Latite Porphyry (Tql), the Middle 
Pyroclastic Unit (Tmp), the Aphanitic Rhyolite (Tr), the Upper 
Pyroclastic Unit (Tup) and the Rhyolite Porphyry (Trp). The 
volcanic nature of the Tql, Tr and Trp rock types is indicated by 
the flow-banding present and by the pyroclastic nature of the Tmp 
and Tup rock types. Locally the rocks at the mine site are covered 
by thin alluvial and talus deposits of Quaternary age. 

The strengths necessary for analyzing the planned pit slopes 
in the five rock units was measured by a program of compression and 
direct shear testing. The detailed test results are presented in 
Appendix A. The test results demonstrate that the shear strength 
of natural fractures present of these rock types is consistently 
more than two orders of magnitude lower than the shear strength of 
the intact rock type. This can be seen by inspection of Table 2, a 
tabulation of the measured rock type strengths. Samples were 
collected at each detail line fracture mapping site. The strength 
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Table 1. 

Relative 

stability of 

planned 55° slopes. 


Location Information 

Slope 

Slope 

Factor of Safety 

Side of 

Structural 

Rock 

Slope 

Height 

Angle 

@ Confidence Level 

Pit 

Domain 

Type 

Ident 

. (ft) 

(°) 

80% 98% 99.9% 

East 

11 

Tup 

1 

800 

63.4° 

Failure paths > 






55° 

possible slopes 


12 

Tmp 

2 

850 

63.4° 

1.97 1.87 1.87 






55° 

3.89 3.80 3.79 


1 

Tql 

3 

400 

63.4° 

2.69 2.56 2.56 






55° 

2.69 2.57 2.57 

North 

2 

Tr 

4 

550 

63.4° 

2.53 2.42 2.42 






55° 

2.91 2.80 2.80 

Northwest 5 

Tmp 

10 

240 

63.4° 

5.37 5.28 5.27 






55° 

12.19 12.09 12.09 




11 

180 

63.4° 

No failure path 






55° 





12 

220 

63.4° 

7.30 7.02 7.01 






55° 

9.05 8.78 8.77 

West 

8 

Trp 

9 

650 

63.4° 

Failure paths > 






55° 

possible slopes 

South 



8 

1100 

63.4° 

Failure paths < 






55° 

residual friction 


10 

Trp 

7 

780 

63.4° 

Failure paths < 






55° 

residual friction 




6 

700 

63.4° 

No failure path 






55° 



11 

Trp 

5 

600 

63.4° 

Failure paths > 






55° 

possible slopes 


Table 2. Strength of rock types. 


Rock Type 
(Detail 
Lines) 

Unconfined 

Compression 

Strength 

(psi) 

Angle of 
Internal 
Friction 

Intact 

Rock 

Cohesion 

(psi) 

Residual 
Angle of 
Surface 
Friction 

Residual 

Surface 

Cohesion 

(psi) 

Tr (A&H) 

13970 

60.6° 

1835 

29.1° 

3.58 

Tup (B&C) 

12940 

54.8° 

2054 

23.5° 

2.59 

Tr (D) 

19960 

64.5° 

2261 

29.2° 

2.95 

Tmp (E&F) 

15950 

56.5° 

2397 

30.0° 

2.00 

Trp (G) 

6250 

52.0° 

1075 

30.5° 

1.32 

Tql (I) 

21340 

55.3° 

3329 

31.3° 

0.00 
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Figure 1. Interconnected planned pits within Ultimate Pit Boundary 
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Structural domains for Soledad Mountain Project 
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Critical, worst-case highwalls for Soledad Mountain 
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of similar rock types were combined except for the Aphanitic 
Rhyolite. The strength of the Aphanitic Rhyolite is sufficiently 
variable that the test results were kept separate for slope 
stability evaluation. 

The natural fractures provide the potential failure paths for 
pitwall slope failure. The natural fracture patterns present in 
each of the various rock types were measured by taking nine detail 
line samples of the natural fracturing present at rock type 
outcrops. A total of 824 natural fractures (joints) were recorded 
in the detail line mapping program. The purpose of the fracture 
mapping of the natural rock weaknesses was to provide the 
preferential orientations (strikes and dips), spacing, continuity 
(trace length) and irregularity of the fracture weaknesses present. 
The fracture data, therefore, provided the information essential to 
the determination of the presence or absence of any potentially 
adverse fracture weakness with respect to planned pitwall 
orientations. The fracture spacing and trace length measurements 
provided the data necessary to conservatively estimate the 
proportion of intact and broken rock along adversely oriented 
fractures. The orientations of statistically significant fracture 
sets were determined from Schmidt equal-area plots. The 
irregularity angles along potential failure paths along adversely 
oriented fractures were measured from the Schmidt diagrams. 

Two modes of potential failure were analyzed, plane shear down 
a single joint set dipping out of a highwall, i.e. with dips 
flatter than the slope angle but steeper than the measured residual 
friction angle, and wedge shear for the intersection of two joint 
sets the plunges out of a pit highwall at an angle less than the 
measured friction angle. 

The factor of safety calculations indicate that all planned 
Soledad Mountain Project slopes will be stabile, the lowest factor 
of safety in the case of the critical slope in Domain 1 is for 
plane shear failure; the critical slope in Domain 12 is wedge 
shear; the critical slope in Domain 2 is wedge shear; two of the 
critical slopes in Domain 5 are wedge shear. All other slopes 
either will not daylight a plane or wedge shear geometry or the 
daylighted plane or wedge shear geometry is flatter than the 
residual angle of surface friction for the rock type involved. 
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INTRODUCTION 

The following analysis of planned 55° pitwall slope angles was 
undertaken to evaluate their stability. The analysis involved 
compositing the physical properties of the rocks involved and the 
structural geology and fracture data provided to calculate the 
factors of safety for the planned slope angles and potentially 
steeper 63.4° maximum possible slope angles. The limiting 
equilibrium method was used to calculate the factors of safety 
between the potential driving thrust tending to produce slope 
failure of the block of rock above a daylighted joint set or joint 
wedge and the resisting force along the worst-case position for the 
potential sliding block. Figure 4 shows the plane shear and wedge 
failure modes analyzed. 

Slope failure by sliding (shear) is resisted by friction and 
cohesion across joints plus the friction and cohesion through 
intact rock bridges between joints. Additional frictional 
resistance to sliding is provided by the irregularities on the 
potential sliding surface. The angle of surface friction measured 
for planar machined surfaces was increased to account for the 
difference in dip between joints that define the average dip of the 
failure surface. Patton (1966) measured the variable inclination 
of actual limestone failure surface after the rock above the 
failure surface had slid, as shown on Figure 5. The idealized 
irregularity angle approximation used to include the resisting 
affect of dip irregularity measured by the detail line fracture 
mapping is shown on Figure 6. The irregularity angles were taken 
from the Schmidt equal-area projections of the detail line data. 
Slope stability was analyzed for the worst-case, maximum height 
locations within structural domains and for the potential slope 
failure through the toe of the slope. 

The size of rock bridges between individual joints of a single 
joint set potentially subject to plane shear failure (sliding), or 
two joints in the case of an adverse intersection of two joint sets 
potentially subject to wedge shear failure (sliding), out of the 
planned pitwalls was estimated from the minimum joint spacing and 
maximum trace length measured during the detail line fracture 
mapping. Intact rock bridges provide the greatest frictional and 
cohesive resistance to sliding because of their much greater shear 
strength. The shear strength of intact rock is more than two 
orders of magnitude greater than the resistance provided by the 
residual shear strength of natural joints. The proportion of 
intact rock along potentially adverse natural fracture orientations 
was conservatively assumed to be one-dimensional, i.e. only in the 
dip direction as shown on Figure 7. Calculations were made for 
two-dimensional intact rock distribution but were not used in the 
evaluation of pitwall stability. The strength of the intact rock 
bridges was conservatively degraded to account for the decrease in 
strength associated with increasing size of the rock bridges in 
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Figure 4. Potential plane and wedge shear failure modes. 



Isometric sketch of failure geometry for daylighted plane shear 
fracture dipping into pit, showing end release fractures. 



Isometric sketch of failure geometry for daylighted wedge shear 
condition, intersection of two fractures plunging into pit. 
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Figure 6. Idealized irregularity resistance to slope failure. 




No intact rock shown 
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Figure 7. One and two-dimensional intact rock bridge simulation. 
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relation to the 2-in. samples tested. The method employed was 
based on the coal strength/size data provided by Bieniawski (1968). 
The statistical best-fit power curve equation for that data was 
used to relate the measured strength of the 2-in. test samples to 
the size of rock bridges estimated from the minimum joint spacing. 
The equation is: 

Strength (psi) = 7330 (L)‘°- 658 

The term "L" is the diameter of the compression test specimen or 
the length of the rock bridge, estimated from the minimum measured 
joint spacing extracted from the tabulated detail line data for an 
adverse joint set for a critical pitwall within a structural 
domain. 

Calculations were also made for fully saturated slopes, as 
shown on Figure 8. The uplift force (U) provided by hydraulic 
pressure (u^) distributed along a potential joint controlled 
failure surface () reduces the total normal force (N) acting 
across the adverse failure surface. The frictional resistance (T F ) 
to sliding is directly related to the total normal force by the 
following equations: 


T = (N - U)Tan(0 - i) U=(^)lj 

Calculations were made for completely dry and fully saturated 
critical slope locations and geologic conditions. When inspected 
the underground workings were found to be generally dry, or at most 
in some locations damp. The topographic high represented by 
Soledad Mountain would tend to drain toward the alluvial plains 
surrounding the mountain. The overall evaluation of slope 
stability assumed that any hydraulic pressure that may have been 
present prior to previous underground mining was released by that 
mining. The stability of the critical highwalls has been increased 
by the drainage of water from the mountain and the magnitude of 
that increase is indicated on the factor of safety tables for the 
individual critical slopes. 


GEOLOGIC INPUT DATA AND ANALYSIS 


The slope stability study for the Soledad Mountain Project 
started with the preparation of a geologic structure and rock type 
map of the area by Golden Queen's geologic staff. This map 
provided the basis for initial selection of structural domains for 
the mine area. A structural domain is a three-dimensional volume 
of rock within which the fracture fabric is consistent. A 
structural domain may, or may not, include more than one rock type. 
Similarly, a structural domain may, or may not, change across a 
fault. Structural domains were selected on the basis of rock types 
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Figure 8. Assumed distribution of hydraulic uplift pressure along 
an adverse joint set in a fully saturated slope. 
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and major faults. Based on this map and on a field inspection, 
locations were selected for nine detail lines of fracture mapping 
for the five rock types. The locations of the nine detail lines 
are shown on Figure 9. Two detail lines of fracture orientation 
data were collected in the Aphanitic Rhyolite (Tr), the Upper 
Pyroclastic Unit (Tup) and the Middle Pyroclastic Unit (Tmp). The 
detail line fracture field data for the individual detail lines is 
presented as Appendix C to this report. Figure 2 presented the 
twelve structural domain locations finally selected based on 
similarities and differences between the statistically significant 
fracture orientations developed after the fracture data was plotted 
as Schmidt equal-area projections. The Schmidt plots for the nine 
individual lines are included as Appendix B to this report. 

Structural Domain 3, on Figure 2, is in Quaternary Alluvium 
and Talus (Qal) and, therefore, is not actually a structural domain 
because it not a rock and contains no fractures. The Qal unit 
includes no highwall, entering the Ultimate Pit Boundary 
horizontally from the north facing side of Soledad Mountain. It 
was listed to provide a means to identify a difference in material 
along the Ultimate Pit Boundary. Structural Domains 11, 7 and 9 
are really only one structural domain, all in the same Upper 
Pyroclastic (Tup) rock type, intersected along the sinuous Ultimate 
Pit Boundary. Structural Domains 8 and 10 are, also, only one 
structural domain, all in the same Rhyolite Porphyry (Trp) rock 
type, intersected along the sinuous Ultimate Pit Boundary. 
Structural Domains 5 and 12 are, also, only one structural domain, 
all in the same Middle Pyroclastic (Tmp) rock type, intersected 
along the sinuous Ultimate Pit Boundary and inside the pit at a 
critical high slope location and pitwall orientation. On the other 
hand, the fracture orientations mapped in Structural Domain 2 and 
Structural Domain 6, both in the Aphanitic Rhyolite (Tr), were so 
different that they were treated as separate structural domains. 

The statistically significant fracture sets for the strike 
and dip data from each detail line and from each rock type are 
presented in Table 3. Statistical significance was determined at 
three level of confidence; 80%, 98% and 99.9%. These confidence 
levels were based on the probability of obtaining the listed 
confidence levels when selecting strikes and dips from a uniformly 
distributed random number table, i.e. uniform probability for all 
possible strikes and dips. Figure 10 presents the percentage of 
poles per 1% area necessary for the statistical confidence level 
desired and for the total number of poles in the Schmidt equal-area 
plot. The result is the percentage of poles needed within a 1% 
area of the Schmidt equal-area net to provide the selected level of 
confidence that the fracture set is real and not the result of 
chance. 
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Figure 9. Location of detail line fracture mapping locations in 
relation to planned Ultimate Pit. 



10000 






Golden Queen Mining Co., Inc 


Page 16 


November 8, 1995 


Table 3. Significant detail line fracture sets 


Measurement 

Significant 

Joint Sets 

@ Confidence Level 

No. 

Location and 

>99.9% 


98% 


80% 


of 

Description 

Strike 

Dip 

Strike 

Dip 

Strike 

Dip 

Poles 

DETAIL LINE "A” 

N20E 

78NW 

N53W 

69NE 

N80W 

38SW 

100 

Tr - Aphanitic 

N15W 

65NE 

N42E 

66SE 

N03E 

53NW 


rhyolite, banded 

N60E 

83SE 

N83E 

75SE 




DETAIL LINE "B" 

N31W 

83SW 

N52E 

69NW 



38 

Tup - Upper 

N52E 

84SE 

N01E 

88SE 




pyroclastic unit 

N68E 

84SE 






DETAIL LINE **C" 

N32W 

75NE 

N37E 

84NW 



99 

Tup - Upper 
pyroclastic unit 

N13W 

74NE 

N68E 

75NW 




DETAIL LINE "D" 

N30W 

32SW 

N51E 

62NW 



93 

Tr - Aphanitic 

N73E 

86NW 

N04E 

88SE 




; rhyolite, banded 

N14W 

81NE 

N55E 

84SE 







N57E 

7 OSE 





DETAIL LINE "E" 

Tmp - Middle 
pyroclastic unit 

N70E 

84NW 

N18E 

N47E 

N83W 

N30W 

N13W 

N11W 

82NW 

80NW 

74NE 

81NE 

78NE 

48NE 

N54W 

N18E 

N54E 

N68E 

38SW 

80SE 

82SE 

75SE 

97 

DETAIL LINE "F" 

N68W 

84SW 

N44W 

43SW 

N53E 

7 ONW 

97 

Tmp - Middle 

N18E 

85NW 

N32E 

85NW 

N71E 

72NW 


pyroclastic unit 



N10W 

77NE 




DETAIL LINE "G" 

N38E 

40SE 

N52E 

87NW 

N75W 

82NE 

100 

Trp - Rhyolite 

N77E 

82SE 

N72E 

50NW 

N15E 

68SE 


porphyry, banded 



N09W 

15NE 

N41E 

64SE 





N11E 

27NE 




DETAIL LINE "H" 

N10W 

84SW 

N87W 

83SW 



100 

Tr - Aphanitic 

N78E 

80NW 

N62W 

18SW 




rhyolite, banded 

N11W 

83NE 

N57W 

83NE 
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Table 3 (Continued). Significant detail line fracture sets 


Measurement 

Significant 

Joint Sets 

@ Confidence Level 

No. 

Location and 

>99.9% 

98% 


80% 


of 

Description 

Strike Dip 

Strike 

Dip 

Strike 

Dip 

Poles 

DETAIL LINE ”1” 

N48E 85NW 

N18W 

76SW 

N48W 

7 OSW 

100 

Tql - Quartz 


N02W 

80SW 

N20W 

22SW 


latite porphyry, 


N60W 

82NE 

N84E 

90 


massive banded 




N22W 

55NE 



N17W 78NE 

N07W 38NE 
N06E 56SE 


N19E 78NW N62W 18SW 200 

N77E 78NW N45E 70NW 

N73W 82NE N54W 18NE 

N57W 78NE 

N39E 66SE 

N63E 82SE 


DETAIL LINES 

IIQ'I+HC'* 

Tup - Upper 
pyroclastic unit 

N3 2W 

75NE 

N49E 

N68E 

N53E 

84NW 

80NW 

88SE 



137 

DETAIL LINES 

N67W 

85SW 

N82W 

73NE 

N50W 

37 SW 

194 


N17E 

83NW 



N47W 

83SW 


Tmp - Middle 

N55E 

82NW 



N13W 

51NE 


pyroclastic unit 

N72E 

80NW 







N12W 

7 6NE 







DETAIL LINES N12W 83SW 

,, A"+ ,, H" N12W 81NE 

Tr - Aphanitic 
rhyolite, banded 


Bold face 
stability 
direction 


joint set orientations have dips potentially hazardous to the 
of overall slope angles steeper than their dips and whose slope 
is parallel to the the joint set strike. 




Poisson Exponential Binomial Limit 
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Figure 10. Percentage of fracture orientation poles needed for 
confidence that a statistically significant fracture set is 
present. 
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PHYSICAL TESTING PROGRAM 

The study included a physical testing program. The physical 
testing program for the Soledad Mountain Project consisted of 
uniaxial and triaxial compression testing and direct shear testing 
of each of the five rock types. Blocks of rock were collected at 
each detail line location and shipped the Advanced Terra Testing, 
Inc. in Lakewood, CO. There samples were cored from these blocks 
of rock. Test specimens, nominally 2 inches in diameter by 4 
inches in length, were cut from the sample cores, surface ground 
and tested. The uniaxial compression tests were performed in 
accordance with the American Society for Testing and Materials 
(ASTM) Standard D 2938 and the triaxial compression testing in 
accordance with ASTM Standard D 2664. The direct shear tests were 
performed in accordance with an ASTM soil test, ASTM Standard D 
3080, except that two pieces of core, approximately 2 inches in 
diameter and 1 inch thick were cut and surface ground on one side, 
were utilized for each set of three normal load tests instead of a 
single soil sample. The ground surfaces were placed against each 
other in the shear machine, immersed in water, loaded normal to the 
ground surface contact and the shear force necessary to produce 
sliding measured. Three normal loads were applied, calculated to 
result in 50 psi, 100 psi and 200 psi normal stress on the ground 
specimen surfaces. The upper cross section on Figure 11 indicates 
the plane surface subjected to shear stress. The angle of 
surface friction (Tan O) is calculated from the three different 
normal forces (N) applied and the shear force (T) measured each 
time when the rock specimens slipped. 

In addition to the shear properties of intact and broken rock, 
the density of each compression specimen was measured as part of 
the physical testing program. The individual detail line and rock 
type densities are presented in Appendix A. 
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Figure 11. Direct shear test cross section and effect of surface 
irregularities on frictional shear strength. 
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LIMITING EQUILIBRIUM SLOPE STABILITY ANALYSIS 

Daylighted fracture, or joint, sets are potentially subject to 
plane shear sliding failure whenever the fracture is flatter than 
the slope angle and steeper than the angle of surface friction of 
the rock type involved. The wedge formed by two fracture sets is 
subject to sliding failure when the plunge of their line of 
intersection plunges flatter than the slope angle, is daylighted, 
and steeper than the angle of surface friction of the rock type 
involved. Wedge failures are less common than plane shear 
failures, possibly because there is more area to shear across each 
unit of the highwall face. Only the critical pitwall identified on 
Figure 3 by the number 3 (Structural Domain 1, rock type Tql) is 
primarily at risk because of the potential of plane shear sliding 
along a daylighted fracture. The critical slope highwall 
identified by number 2 (Structural Domain 12, rock type Tmp) is at 
risk for plane shear failure. However, a potential wedge shear 
failure present in the same critical slope has a lower factor of 
safety. Wedge shear provides the only potential failure mode for 
the critical highwalls identified by the numbers 4 (Structural 
Domain 2, rock type Tr), 10 and 12 (Structural Domain 5, rock type 
Tmp) . 


PLANE SHEAR SLOPE ANALYSIS 

Table 3 lists in bold face type all fracture sets present in 
the fracture orientation data mapped in each detail line that are 
potentially subject to plane shear failure. These potentially 
hazardous fracture sets are potentially subject to sliding failure 
out of either the planned 55° overall slope angles or the maximum 
possible 63.4° overall slope angles in the pitwalls along the 
Ultimate Pit Boundary and inside the pit boundary. The first step 
in the plane shear slope stability analysis was the calculation of 
the true minimum spacing (TMS) of the potentially adverse plane 
shear fracture delineated from inspection of the significant 
fracture sets listed in Table 3. The minimum apparent spacing 
(MAS) along the frequently plunging detail line must be corrected 
for the inclination of the line, for the difference in direction 
between the direction of the detail line and the mean strike of the 
potentially adverse fracture set and for the mean dip of the 
potentially adverse fracture set. Table 4 presents the results of 
this calculation for each potentially adverse fracture set plus a 
sample calculation for the N54°W striking, 38°SW dipping joint set. 

The next step in the plane shear slope stability analysis was 
the measurement of the irregularity angles for each potentially 
adverse fracture set on the Schmidt equal-area projections in 
Appendix B. The measured irregularity angles are also presented in 
Table 4. 
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Table 4. 

Daylighted joint properties for 

potential 

plane shear 


failures 

along Ultimate 

Pit Boundary. 




Detail 

Joint 

Joint 

Joint 

Joint 

Irregularity Angles 


Line 

Strike 

Dip 

Spacing 

Trace 

(degrees) 


and 



Minimum 

Length 

Confidence Levels 


Rock 



(ft) 

Maximum 80% 

98% 99 

».! 

Type 




(ft) 




A - Tr 

N80°W 

38°SW 

1.04 

4 

3 

0 

0 


N03°E 

53°NW 

0.06 

3 

4 

0 

0 

B - Tup 

No Adverse Joint Sets 





C - Tup 

No Adverse Joint Sets 





D - Tr 

N30°W 

32°SW 

0.02 

6 

9 

5 

3 


N51°E 

62°NW 

0.43 

5 

8 

3 

0 

E - Tmp 

N11°W 

48°NE 

0.77 

8 

6 

2 

0 


N54°W 

38°SW 

0.56 

3 

2 

0 

0 

F - Tmp 

N44°W 

43°SW 

0.12 

4 

8 

3 

0 

G - Trp 

N38°E 

40°SE 

0.09 

8 

14 

9 

7 


N72°E 

50°NW 

0.03 

4 

6 

3 

0 


N11°E 

27°SE 

0.44 

8 

8 

4 

0 

H - Tr 

Potentially adverse joint 

set flatter than 

residual 


friction 








I - Tql 

N20°W 

22°SW 

1.85 

2 

4 

0 

0 


N22°W 

55°NE 

6.49 

6 

3 

0 

0 


N07°W 

38°NE 

0.59 

2 

5 

0 

0 


N06°E 

56°SE 

2.21 

4 

6 

0 

0 


A+H-Tr Potentially adverse joint sets flatter than residual 
friction 

B+C-Tup No Adverse Joint Sets 

E+F N50°W 37°SW 0.47 3 7 0 0 

Tmp N13°W 51°NE 0.71 6 2 0 0 


Example calculation of minimum true spacing between joints of the 
potentially adverse Joint Set that strikes (S) N54°W and dips (D) 
38°SW and Detail Line "E", which bears N29°W (B) and plunges 11° (PL) 
in that direction from the minimum slope distance measured (See 
Detail Line "E" field notes in Appendix C. These are recorded lines 
7 to 9 on page 4/4.. 
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Table 4. Continued 

1) Correct minimum apparent spacing (MAS) of joints along sloping 
tape to horizontal distance (HD) between line 9 - 110.8 ft to line 7 
- 108.6 ft 

Cos(PL) = S Co < 110 > = pjfk6) HD = Cos(ll 0 )2.2 = 2.16 ft 

2) Correct for minimum perpendicular horizontal distance (PHD) 
between closest joint in set for difference in direction between 
Detail Line bearing (B) and Joint Set strike (S) 

Sin(B - S) = — Sin(54° - 29°) = PHD = Sin(25°)2.16 = 0.91 ft 

3) Correct for true minimum spacing (TMS) between closest joints in 
set 

Sin(D) = £f Sin(38°) = £f 


TMS = Sin(38°)0.91 = 0.56 ft 
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Table 5. Daylighted joint proportion of intact rock and strength 
reduction factor for size of minimum intact rock bridge to be 
sheared between joints along potentially adverse joint sets along 
Ultimate Pit Boundary. 


Detail Line 

Joint 

Joint 

Proportion 

Minimum 

Strength 

and 

Strike 

Dip 

of Intact 

Spacing 

Reduction 

Rock Type 



Rock 

of Joint 

Divisor 





Set (ft) 


A - Tr 

N80°W 

38°SW 

0.206 

1.04 

3.33 


N03°E 

53°NW 

0.020 

0.06 

1.00 

D - Tr 

N30°W 

32°SW 

0.003 

0.02 

1.00 


N51°E 

62°NW 

0.079 

0.43 

1.87 

E - Tmp 

N11°W 

48°NE 

0.088 

0.77 

2.74 


N54°W 

38°SW 

0.157 

0.56 

2.22 

F - Tmp 

N44°W 

43°SW 

0.029 

0.12 

1.00 

G - Trp 

N38°E 

40°SE 

0.011 

0.09 

1.00 


N72°E 

50°NW 

0.007 

0.03 

1.00 


N11°E 

27°SE 

0.052 

0.44 

1.89 

I - Tql 

N20°W 

22°SW 

0.006 

1.85 

4.87 


N22°W 

55°NE 

0.520 

6.49 

11.12 


N07°W 

38°NE 

0.228 

0.59 

2.30 


N06°E 

56°SE 

0.356 

2.21 

5.48 

E+F - Tmp 

N50°W 

37°SW 

0.135 

0.47 

1.98 


N13°W 

51°NE 

0.106 

0.71 

2.60 

1) Calculation of proportion 

of intact rock 

: (PIR) : 


PIR equals Minimum Joint 

Spacing (JS) 

divided by Maximum Trace 

Length (TL) 

plus Minimum Joint Spacing (JS) 

. Joint Set " 

E" with 

N54°W Strike 

and 38°SW 

Dip, 0. 

56-ft Minimum 

Joint Spacing 

(JS) and 


8—ft Maximum Trace Length (TL). 


JS 0.56 
TL+JS 3+0.56 


0.157 
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Table 6. Continued 

2) Calculation for Strength Reduction Divisor (SRD) for size of 
rock bridges along potential Joint Set M E" failure surface. Size 
of Joint Set "E" bridge defined by Minimum Joint Spacing (JS) of 
0.56-ft. Standard size taken as the 2-in diameter for specimens 
tested in accordance with American Society for Testing and 
Materials (ASTM) standards for uniaxial and triaxial rock testing 
(ASTM D 2938 and ASTM D 2664) respectively. The strength reduction 
with respect to size (SZ) in inches, is taken from statistical best 
fit of the testing results reported by Bieniawski (1968), as 
follows: 

ST = 733o(sZ-°- 658 ) ST 2 = 733o(2' <) - 658 ) = 4646psi ST 0 . 5 6 = 7330[0.56(12)]“° 658 = 20 93psi 

ST 

SRD = • == ■ 2 - = = 2.22 The estimated shear strength of the 0.56-ft 

st 0.56 2093 

(6.72-in) rock bridge is then the 2397 psi cohesion of the 2-m 
diameter specimens of the Detail Line "E", Tmp - Middle pyroclastic 
unit, divided by 2.22, or 1080 psi. 
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The next step in the plane shear stability analysis was the 
calculation of the proportion of intact rock along the worst-case 
failure path through the toe of the slope. The results of this 
calculation for each potentially adverse fracture set is presented 
in Table 5. Table 5 includes a sample proportion of intact rock 
calculation for the same N54°W striking, 38°SW dipping joint set 
used in the Table 4 example. This calculation should be 
conservative because the minimum joint spacing was used to estimate 
the intact rock along the assumed failure path and the maximum 
fracture trace length was used to estimate the naturally broken 
rock along the assumed failure path. 

The strength reduction divisor was calculated to account for 
the reduction in rock strength with increase in size of the rock 
bridge. The conservative Bieniawski (1968) size/strength 
relationship equation, presented previously was used to calculate 
the strength reduction divisor. The sample calculation included in 
Table 5 is for the same joint set used in the previous examples. 

The slope stability analysis then shifted to the structural 
domains and the detail lines involved in each structural domain. 
Figure 2 presented the structural domains. Table 6 presents the 
side of the pitwall along the Ultimate Pit Boundary for each of the 
eleven structural domains that intersect the pit boundary. Table 6 
also presents the direction the pitwall faces along the Ultimate 
Pit Boundary within each structural domain, the detail lines in the 
structural domain and the rock type. Table 6 includes Structural 
Domain 12, which lies inside the Ultimate Pit Boundary. The same 
data is presented for Structural Domain 12. 

Table 7 presents the results from the analysis of the 
topographic and planned Ultimate Pit excavation. The information 
included the crest direction of the pitwall within each structural 
domain. The variation of the crest direction for the highwall in 
each structural domain is important because any potentially adverse 
fracture set with a strike within the range of highwall directions 
in that structural domain represents a critical highwall, provided 
only that the dip direction is out of the highwall, as was 
indicated for plane shear slope failure in Figure 4. Table 7 also 
presents the maximum heights of the pitwalls in each structural 
domain. These heights are for the critical, worst-case, pitwalls 
indicated on Figure 3. The north side pitwall slopes of Structural 
Domains 2, 3 and 4, plus a portion of Structural Domains 1 and 5 on 
Soledad Mountain have no indicated height because the pit 
excavation along the Ultimate Pit Boundary proceeds into the north 
side of the mountain. This situation can be seen on Figure 2. 
Structural Domain 1 and Structural Domain 5 are exceptions. The 
planned Ultimate Pit excavation in Structural Domain 1 cuts back 
into the rock toward the east end of the north side of Structural 
Domain 1 to extract the GQ-1A Pit (Karma-Wegmann orebody). 
Structural Domain 5 includes relatively shallow, less than 240 
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Table 6. Structural Domains, orientation of Ultimate Pitwall, 
Detail Lines and rock types 


Structural 

Domain 


Ultimate Pitwall Orientation 
Side of Ultimate Pit 
(Direction Pitwall Faces) 
From - Through - To 


Detail Line(s) Rock 
Involved Type 


1 

N90E 

- 

N30E 

- 

N40W 

I 

Tql 


(S90W 

— 

S30W 

— 

S40E) 



2 

N40W 

— 

N55W 

— 

N07W 

A 

Tr 


(S40E 

— 

S55E 

— 

S07E) 



3 

N07W 

— 

N11W 

— 

N15W 

None 

Qal 


(S07E 


SHE 

— 

S15E) 



4 

N15W 

— 

N10E 

— 

N50E 

I 

Tql 


(S15E 

— 

S10W 

— 

S50W) 



5 

N50E 

— 

N45W 

— 

S50W 

E + F 

Tmp 


(S50W 

— 

S45E 

— 

N50E) 



6 

S50W 

— 

S25W 

— 

S86W 

D 

Tr 


(N50E 

— 

N25E 

— 

N86E) 



7 

S86W 

— 

N70W 

— 

N52W 

C 

Tup 


(N86E 

— 

S70E 

— 

S52E) 



8 

N52W 

— 

S45W 

— 

S05W 

G 

Trp 


(S52E 


N45E 

— 

N05E) 



9 

S05W 

— 

SOOW 

— 

S05E 

B or C 

Tup 


(N05E 

— 

N00E 

— 

N05W) 



10 

S05E 

— 

S30E 

— 

S60E 

G 

Trp 


(N05W 

— 

N3 0W 

— 

N60W) 



11 

S60E 

— 

S25W 

— 

N90E 

B or C 

Tup 


(N60W 

— 

N25E 

— 

S90W) 



12 

S10W 

— 

S35W 

— 

S30E 

E + F 

Tmp 


(N10E 


N35W 

- 

N30W) 
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Table 7. Maximum height of Ultimate Pitwall within Sructural 
Domains 


Structural Ultimate Pitwall Direction Maximum Height Rock 

Domain & Start - Central - Finish Slope Plunge Type 

Detail Line (Parallel to adverse strike) Bearing (ft) 


1 


I 

N00E 

_ 

N60W 

_ 

N50E 

400 


East 

Tql 









0 

— 

N 


2 

— 

A 

N50E 

— 

N35E 

— 

N80E 

0 

— 

N 

Tr 




N50W 

— 

N35W 

— 

N70W 

550 

— 

NE 


3 


None 

N83E 

- 

N79E 


N75E 

0 


N 

Qal 

5 

— 

E+F 

N40W 

— 

N45E 

— 

N40W 

220 

— 

SW 

Tmp 









180 


NW 










240 

— 

NE 


6 

- 

D 

N40W 

- 

N65W 

- 

N04W 

220 

- 

SW 

Tr 

7 


C 

N04W 

“ 

N20E 


N38E 

240 


NW 

Tup 

8 


G 

N38E 


N70W 

- 

N85W 

860 


SW 

Trp 

9 

— 

B&C 

N85W 

— 

N90W 

— 

N85E 

40 

— 

S 

Tup 



G 






740 


S 

Trp 

10 


G 

N85E 


N60E 

- 

N30E 

760 


S 

Trp 

11 

— 

B&C 

N30E 

— 

N65W 

— 

N00W 

1300 

— 

NE 

Tup 









780 


SE 










960 

— 

SW 


12 

— 

E+F 

N80W 

— 

N35W 

- 

N10W 

850 

— 

SW 

Tmp 
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feet, planned excavation of the GQ-2NW Pit (Knight Property) into 
the northwest ridge off Soledad Mountain. Most of the planned 
slopes for GQ-2NW extend to the Ultimate Pit Boundary. Structural 
Domain 2 extends inside the Ultimate Pit Boundary and planned 
excavation of GQ-5A Pit (Pit 4 Extension) will develop a 550-foot 
high southwest facing pitwall, well inside the Ultimate Pit 
Boundary. Table 7 also includes the 850-foot maximum pitwall 
height in Structural Domain 12. Structural Domain 12 lies well 
inside the Ultimate Pit Boundary. 

Table 8 presents the conservatively calculated factors of 
safety for the Structural Domain 1 daylighted fracture set that 
strikes N20°W and dips 22° SW. Table 8 presents the plane shear 
factors of safety of the potential plane shear failure using 
one-dimensional and two-dimensional estimates of intact rock along 
the potential failure surfaces and for a dry and a fully saturated 
slope. The calculated factor of safety for 99.9% confidence, 55° 
dry slope is 2.57. The planned slope is predicted to be stable 
under the absolutely worst-case plane shear conditions of 
one-dimensional intact rock and fully saturated conditions, factor 
of safety of 1.62. 

Table 9 presents the conservatively calculated factors of 
safety for the Structural Domain 12 daylighted fracture set that 
strikes N13°W and dips 51° SW. Table 9 presents the plane shear 
factors of safety of the potential plane shear failure using 
one-dimensional and two-dimensional estimates of intact rock along 
the potential failure surfaces and for a dry and a fully saturated 
slope. The calculated factor of safety for 99.9% confidence, 55° 
dry slope is 5.70. The planned slope is predicted to be stable 
under the absolutely worst-case plane shear conditions of 
one-dimensional intact rock and fully saturated conditions, factor 
of safety of 5.49. 

Table 10 presents the conservatively calculated factors of 
safety for one Structural Domain 5 daylighted fracture set, the one 
that strikes N50°W, dips 37° SW and is a potential hazard to the 
240-foot high northeast side of GQ-2NW Pit. Table 10 presents the 
plane shear factors of safety of the potential plane shear failure 
using one-dimensional and two-dimensional estimates of intact rock 
along the potential failure surfaces and for a dry and a fully 
saturated slope. The calculated factor of safety for 99.9% 
confidence, 55° dry slope is 9.81. The planned slope is predicted 
to be stable under the absolutely worst-case plane shear conditions 
of one-dimensional intact rock and fully saturated conditions, 
factor of safety of 9.34. 

Table 11 presents the conservatively calculated factors of 
safety for one Structural Domain 5 daylighted fracture set, the one 
that strikes N13°W, dips 51°NE and is a potential hazard to the 
220-foot high southwest side of GQ-2NW Pit. Table 11 presents the 



Golden Queen Mining Co., Inc. Page 30 November 8, 1995 

Table 8. Factors of safety for potentially hazardous plane shear 
joint set striking N2 0°W and dipping 22°SW, Domain 1 (Detail Line 
I), for Ultimate Pit Boundary at GQ-1A (Karma-Wegmann) Pit. 

Quartz Latite Porphyry, overall slope height - 400 ft. 

FACTORS OF SAFETY 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.69 

2.56 

2.56 

3.17 

3.10 

3.10 

55 

2.69 

2.57 

2.57 

3.18 

3.11 

3.11 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 


Slope 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.69 

1.61 

1.61 

2.01 

1.96 

1.96 

55 

1.70 

1.62 

1.62 

2.02 

1.97 

1.97 
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Table 9. Factors of safety for potentially hazardous plane shear 
joint set striking N13°W and dipping 5l°SW, Domain 12 (Detail Lines 
E + F), on northeast facing pitwall, Domain 12 (Detail Lines E + 

F), for inside the Ultimate Pit at GQ-1A (Karma-Wegmann) and GQ-1B 
(Independent) Pits. 

Middle Pyroclastic Unit, overall slope height - 850 ft. 

FACTORS OF SAFETY 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.39 

2.35 

2.35 

4.05 

4.02 

4.02 

55 

5.73 

5.70 

5.70 

10.34 

10.31 

10.31 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 


Slope 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.16 

2.14 

2.14 

3.81 

3.79 

3.79 

55 

5.51 

5.49 

5.49 

10.10 

10.08 

10.08 
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Table 10. Factors of safety for potentially hazardous plane shear 
joint set striking N50°W and dipping 37°SW, Domain 5 (Detail Lines 
E + F), for Ultimate Pit Boundary at GQ-2NW Pit; Knight Property. 

Middle Pyroclastic Unit, overall slope height - 240 ft. 

FACTORS OF SAFETY 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

7.85 

7.65 

7.65 

13.73 

13.56 

13.56 

55 

10.01 

9.81 

9.81 

17.75 

17.06 

17.06 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 

Slope 







Slope 

Confidence Level 

Confidence Level 

Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

7.28 

7.18 

7.18 

13.12 

13.04 

13.04 

55 

9.44 

9.34 

9.34 

17.14 

17-06 

17.06 


Table 11. Factors of safety for potentially hazardous plane shear 
joint set striking N13°W and dipping 51°NE Domain 5 (Detail Lines E 
+ F), for Ultimate Pit Boundary at GQ-2NW Pit; Knight Property. 

Middle Pyroclastic Unit, overall slope height - 220 ft. 

FACTORS OF SAFETY 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

7.65 

7.61 

7.61 

13.95 

13.92 

13.92 

55 

20.57 

20.54 

20.54 

38.27 

38.24 

38.24 


1-Dimensional Intact 2-Dimensional Intact 


Confidence Level Confidence Level 

80% 98% 99.9% 80% 98% 99.9% 

7.43 7.41 7.41 13.71 13.71 13.71 

20.35 20.33 20.33 38.04 38.02 38.02 


Saturated 

Slope 

Slope 
Angle (°) 

63.4 

55 
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plane shear factors of safety of the potential plane shear failure 
using one-dimensional and two-dimensional estimates of intact rock 
along the potential failure surfaces and for a dry and a fully 
saturated slope. The calculated factor of safety for 99.9% 
confidence, 55° dry slope is 20.54. The planned slope is predicted 
to be stable under the absolutely worst-case plane shear conditions 
of one-dimensional intact rock and fully saturated conditions, 
factor of safety of 20.33. 

It is unlikely that the planned highwall slopes of the Soledad 
Mountain project will be subject to any hydraulic uplift pressure. 
Inspection of the old underground workings indicate that ground 
water has been drained from Soledad Mountain. The hydraulic uplift 
pressure and force, shown on Figure 8, would if present in Soledad 
Mountain decrease the stability of the slopes because it reduces 
the normal force acting across the potential failure surface and, 
therefore, the frictional resistance to failure. The drainage of 
ground water from Soledad Mountain could have been through the old 
underground mine workings or by the gravitational effect of Soledad 
Mountain's elevation above the adjacent plain, or some combination 
of both. 


WEDGE SHEAR SLOPE ANALYSIS 

The potential wedge shear sliding hazards present at the 
Soledad Mountain Project were analyzed by first using the Schmidt 
equal-area plots to construct the diagrams in Appendix C to 
determine the dihedral angles, bearings and plunges of all 
potentially hazardous wedge intersections. Experience has 
demonstrated that the same limiting condition criteria govern the 
development of wedge shear slope failures as do plane shear 
sliding, i.e. plunge of the line of intersection less than the 
slope face and greater than the residual friction angle for the 
rock type. Therefore, the first effort was put into determining 
the wedge intersection parameters. 

Table 12 lists all wedge intersections that were determined 
from the fracture sets detected in the fracture orientation data 
mapped along Detail Line I. The plunge of all the wedges is either 
too steep, greater than 63.4°, or too flat, less than 31.4° the 
angle of surface friction of the latite Porphyry to provide a 
failure path. 

Table 13 lists all wedge intersections that were determined 
from the fracture sets detected in the fracture orientation data 
mapped along Detail Lines E and F. Three of the potential wedge 
failure geometries have plunges between the 30.0° residual friction 
angle of the Middle Pyroclastic Unit and the planned slope angle. 
One of these wedges had a dihedral angle of 64°, much too narrow to 
slide as a wedge. Experience indicates that edges with dihedral 
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Table 12. Potentially hazardous wedge intersections at Ultimate 
Pit Boundary along ST-1 Pit (Stelzner Pit) and GQ-1A Pit 
(Karma-Wedgmann deposit), Domain 1 (Detail Line I), Quartz Latite 
Porphyry 


Joints 

Involved 

Joint 

Strike 

Orientations in 
Dip Strike 

Order 

Dip 

Dihedral 

Angle 

Bearing 

Plunge 

A - E 

N48°W 

7 0°SW 

N48°E 

85°NW 

O 

CO 

S62°W 

00 

0 

B - E 

N20°W 

22°SW 

N48°E 

85°NW 

100° 

S50°W 

21° 

C - E 

N18°W 

7 6°SW 

N48°E 

85°NW 

114° 

S50°W 

76° 

D - E 

N02°E 

80°SW 

N48°E 

85°SW 

130° 

S79°W 

0 

O 

00 


NOTES: 1) Wedge formed by joint sets A and E does not represent a 

hazard because the dihedral angle is too narrow, < 90°. 2) Wedge 

formed by joint sets B and E has a plunge less than residual 
friction angle and, therefore cannot fail. 3) Wedges formed by 
joint sets C and E and by joint sets D and E do not represent 
hazards because their plunges are steeper than any reasonable 
overall slope angle. 


Table 13. Potentially hazardous wedge intersections at Ultimate 
Pit Boundary along GQ-2NW Pit (Knight Property), Domain 5 (Detail 
Lines E + F), Middle Pyroclastic Unit 


Joints 

Involved 

Joint Orientations in Order 
Strike Dip Strike Dip 

Dihedral 

Angle 

Bearing 

Plunge 

A - H 

N67°W 

85°SW 

N13°W 

51°NE 

64° 

S62°E 


42° 

B - D 

N50°W 

37°SW 

N17°E 

83°NW 

109° 

S21°W 


36° 

B - G 

N50°W 

37°SW 

N82°W 

73°NE 

74° 

N87°W 


74° 

B - H 

N50°W 

37°SW 

N13°W 

51°NE 

97° 

S28°E 


16° 

G - H 

N82°W 

7 3°NE 

N13°W 

51°NE 

116° 

N75°E 


50° 

NOTES: 

1) Bold 

face joint wedge 

orientations are 

potentially 



hazardous to the stability of overall slope angles steeper than 
their plunges. 2) Wedges formed by joint sets A and H and by joint 
sets B and G do not represent hazards because their dihedral angles 
are too narrow, < 90°. 3) Wedge formed by joint sets B and H has a 

plunge less than residual friction angle and, therefore cannot 
fail. 4) Wedge formed by joint set B and G does not represent a 
hazard because the plunge is steeper than any reasonable overall 
slope angle. 


Golden Queen Mining Co., Inc. 


Page 35 


November 8, 1995 


angles less than 104° do not slide, apparently because of their 
large surface area and resulting cohesion along the potential 
failure surface. The other two wedge geometries in Table 13 
require additional analysis to determine their potential to fail as 
wedges. 

Table 14 lists all wedge intersections that were determined 
from the fracture sets detected in the fracture orientation data 
mapped along Detail Line D. The 55° plunge of one wedge 
intersection lies within the range that could result in failure. 
However, one of these has a dihedral angle of 160°. Wedge failure 
is not predicted because the dihedral angle is wider than 
approximately 130°. Dihedral angles greater than approximately 130° 
fail as plane shear geometries. 

Two of the three wedge geometries in Table 15 have plunges 
that lie in the critical range between the residual friction angle 
of 23.5° for the Upper Pyroclastic Unit and the planned pit slopes. 
However, these two wedge geometries have extremely narrow dihedral 
angles. 

Table 16 presents the wedge geometries extracted from the 
fractures mapped along Detail Line G (Trp). Two of the four wedge 
geometries have plunges that are less than the 30.5° residual 
friction angle of the Rhyolite Porphyry. Of the remaining two 
wedge geometries one has too narrow a dihedral angle and the other 
too wide. 

The fracture orientation data from Detail Line A indicated the 
single potentially adverse wedge geometry shown in Table 17. This 
wedge geometry meets all the criteria for potential failure and 
required further analysis. 

The potentially adverse wedge geometry in Domain 12, Detail 
Lines E + F, the Middle Pyroclastic Unit, inside the Ultimate Pit 
contains one potentially adverse wedge geometry. Table 18 presents 
the dihedral angle, bearing and plunge of this potentially adverse 
wedge. 

The next step in wedge shear analysis is the measurement of 
the irregularity angles for the potentially adverse wedge failure 
geometries extracted from Detail Lines E + F, Domain 5, and from 
Detail Line A, Domain 2. The irregularity angles are measured on 
the Schmidt equal-area data plot for the detail line found in 
Appendix B. The irregularity angles are measured in the direction 
of potential movement and failure. Table 19 presents the 
irregularity angles for the Domain 5 wedge failure geometries and 
Table 20 presents the irregularity angles for the Domain 2 wedge 
failure geometry. Table 21 presents the irregularity angles for 
the Domain 12 wedge failure geometry. Tables 19, 20 and 21 also 
present the minimum joint spacing and maximum trace length for each 
potentially adverse wedge geometry. 
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Table 14. Potentially hazardous wedge intersections at Ultimate 
Pit Boundary; Domain 6; GQ-2 Pit and GQ-2NW Pit (Knight Property), 
Detail Line D? Aphanitic Rhyolite 


Joints 

Involved 

Joint 

Strike 

Orientations in 
Dip Strike 

Order 

Dip 

Dihedral 

Angle 

Bearing 

Plunge 

C - D 

N73°E 

86°NW 

N14°W 

81°NE 

90° 

N47°E 

80° 

D - G 

N14°W 

81°NE 

N57°E 

70°SE 

110° 

S42°E 

O 

O 

D - F 

N14°W 

81°NE 

N55°E 

84°SE 

121° 

N76°E 

00 

H 

o 

E - G 

N04°E 

85°SE 

N57°E 

7 0°SE 

125° 

S03°E 

67° 

F - G 

N55°E 

84°SE 

N57°E 

70°SE 

160° 

S24°W 

55° 


NOTES: 1) Wedges formed by joint sets C and D, joint sets D and G, 

■joint sets D and F and joint sets E and G do not represent hazards 
because their plunges are steeper than any reasonable overall slope 
angle. 2) Wedge formed by joint sets F and G does not represent a 
wedge failure hazard because the dihedral angle exceeds 130 , 
meaning failure can only occur as the result of plane shear 
failure- 3) Wedges formed by joint sets D and G, joint sets E and 
G and joint sets F and G do not represent hazards because they 
plunge south and not northeasterly out of rhyolite exposed in 
Domain 6, between N50°E and N86°E. 


Table 15. Potentially hazardous wedge intersections at Ultimate 
Pit Boundary, Domains 7 and 9 along GQ-6 Pit (Big Butte Pit) and 
Domain 11 along nose of waste between GQ-5C Pit, GQ-5B Pit and 
GQ-5A Pit (Pit 4 Extensions), GQ-1B Pit (Karma-Wegmann) and ST-1 
Pit (Stelzner); Detail Lines B + C, Upper Pyroclastic Unit 


Joints 

Involved 

Joint Orientations in Order 
Strike Dip Strike Dip 

Dihedral 

Angle 

Bearing 

Plunge 

A - B 

N49°E 

84°NW 

N68°E 

80°NW 

161° 

N28°E 

72° 

A - D 

N49°E 

84°NW 

N53°E 

88°SE 

6° 

N56°E 

48° 

B - D 

N68°E 

80°NW 

N53°E 

88°SE 

17° 

S51°W 

47° 


NOTES: 1) Wedge formed by joint sets A and B does not represent a 

hazard because its plunge is steeper than any reasonable overall 
slope angle. 2) Wedges formed by joint sets A and D and by joint 
sets B and D do not represent hazards because their dihedral angles 
are too narrow, < 90°. 3) Wedge formed by joint sets A and B does 

not represent a wedge failure hazard because the dihedral angle 
exceeds 130°, meaning failure can only occur as the result of plane 
shear failure. 
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Table 16. Potentially hazardous wedge intersections at Ultimate 
Pit Boundary, Domain 8, 9 and 10 along GQ-6 Pit (Big Butte Pit); 
Detail Line G; Rhyolite Porphyry. 


Joints 

Involved 

Joint Orientations in 
Strike Dip Strike 

B - E 

N72°E 

50°NW 

N11°E 

B - F 

N72°E 

50°NW 

N15°E 

B - H 

N72°E 

50°NW 

N41°E 

F - H 

N15°E 

68°SE 

N41°E 


:der 

Dip 

Dihedral 

Angle 

Bearing 

Plunge 

27°NE 

114° 

N54°E 

19° 

68°SE 

0 

O 

r- 

N33°E 

37° 

64°SE 

71° 

N52°E 

to 

to 

o 

64°SE 

156° 

S42°E 

64° 


NOTES: 1) Wedges formed by joint sets B and F and by joint sets B 

and H do not represent hazards because their dihedral angles are 
too narrow, < 90°. 2) Wedge formed by joint sets F and H does not 

represent a wedge failure hazard because the dihedral angle exceeds 
130°, meaning failure can only occur as the result of plane shear 
failure. 3) Wedges formed by joint sets B and E and by joint sets 
B and H have plunges less than residual friction angle and, 
therefore cannot fail. 


Table 17. Potentially hazardous wedge intersection inside Ultimate 
Pit Boundary, Domain 2 along GQ — 5A Pit ; Detail Line A; Aphanitic 
Rhyolite. 

Joints Joint Orientations in Order Dihedral Bearing Plunge 
Involved Strike Dip Strike Dip Angle 


A - B N80°W 38°SW N03°E 53°NW 123° S36°W 36° 

NOTE: The bold face joint wedge orientation is potentially 

hazardous to the stability of overall slope angles steeper than its 
36° plunge. 


Table 18. Potentially hazardous wedge intersection inside Ultimate 
Pit Boundary, Domain 12 in area of GQ-1 Pit (Queen Ester) and GQ-1B 
Pit (Independent); Detail Lines E + F; Middle Pyroclastic Unit. 

Joints Joint Orientations in Order Dihedral Bearing Plunge 
Involved Strike Dip Strike Dip Angle 


G - H N82°W 73°NE N13°W 51°NE 116° N75°E 50° 

NOTE: The bold face joint wedge orientation is potentially 

hazardous to the stability of overall slope angles steeper than its 
50° plunge. 
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Table 19. Daylighted joint properties for potential wedge shear 
failures at Ultimate Pit Boundary; Detail Lines E + F; Domain 5; at 
GQ-2NW Pit; Knight Property; Middle Pyroclastic Unit. 

Domain Joint Joint Joint Joint Irregularity Angles 

Number Strike Dip Spacing Trace (degrees) 

Minimum Length Confidence Levels 
(ft) Maximum 80% 98% 99.9% 

(ft) 


5 

N50°W 

37°SW 

0.47 

3 

8 

0 

0 

Tmp 

N17°E 

83°NW 

1.00 

20 

10 

7 

5 

5 

N82°W 

73°NE 

0.20 

20 

10 

5 

0 

Tmp 

N13°W 

51°NE 

0.71 

6 

5 

0 

0 


Table 20. Daylighted joint properties for potential wedge shear 
failures inside Ultimate Pit Boundary, Domain 2 along GQ-5A Pit ; 
Detail Line A; Aphanitic Rhyolite. 

Domain Joint Joint Joint Joint Irregularity Angles 

Number Strike Dip Spacing Trace (degrees) 

Minimum Length Confidence Levels 
(ft) Maximum 80% 98% 99.9% 

(ft) 


2 N80°W 38°SW 1.04 4 3 0 0 

Tr N03°E 53°NW 0.06 3 5 0 0 


Table 21. Daylighted joint properties for potential wedge shear 
failures inside Ultimate Pit Boundary; Detail Lines E + F; at GQ-1 
Pit (Queen Ester) and GQ-1B Pit (Independent); Domain 12; Middle 
Pyroclastic Unit 

Domain Joint Joint Joint Joint Irregularity Angles 

Number Strike Dip Spacing Trace (degrees) 

Minimum Length Confidence Levels 
(ft) Maximum 80% 98% 99.9% 

(ft) 


12 

N82°W 

73°NE 

0.20 

20 

10 

5 

0 

Tmp 

N13°W 

51°NE 

0.71 

6 

5 

0 


0 
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1=9 


The proportion of intact rock and the strength reduction 
divisor were calculated for the potential wedge failure geometries 
in Domain 5, Domain 2 and Domain 12. These values are presented in 
Table 22. 

Table 23 presents the conservatively calculated factors of 
safety for the Structural Domain 5 daylighted fracture wedge 
intersection that bears S21°W and plunges 36°. Table 23 also 
presents the conservatively calculated factors of safety for the 
other potentially hazardous wedge intersection in Structural Domain 
5 that bears N75°E and plunges 50°. Table 23 presents the wedge 
shear factors of safety for one-dimensional and two-dimensional 
estimates of intact rock along the two joint sets that provide the 
potential failure surfaces in each case and for a dry and a fully 
saturated slope. The planned 55° slopes are predicted to be 
extremely stable, factors of safety of 11.87 in the first case and 
8.20 in the second case, under the absolutely worst-case plane 
shear conditions of one-dimensional intact rock and fully saturated 
conditions. 

Table 24 presents the conservatively calculated factors of 
safety for the potentially hazardous wedge intersection in 
Structural Domain 2 that bears S36°W and plunges 36°. Table 24 
presents the wedge shear factors of safety for one-dimensional and 
two-dimensional estimates of intact rock along the two joint sets 
that provide the potential failure surfaces and for a dry and a 
fully saturated slope. The planned slope is predicted to be stable 
under the absolutely worst-case plane shear conditions of 
one-dimensional intact rock and fully saturated conditions. The 
calculated factors of safety for this wedge are sufficiently low, 
at least 2.20 for fully saturated 55° slope angles and 99.9% 
confidence, to warrant occasional inspection of the crest of the 
slope for the development of headwall cracks, an early indication 
of approaching slope instability. 

Table 25 presents the conservatively calculated factors of 
safety for the potentially hazardous wedge intersection in 
Structural Domain 12 that bears N75°E and plunges 50°. Table 25 
presents the wedge shear factors of safety for one-dimensional and 
two-dimensional estimates of intact rock along the two joint sets 
that provide the potential failure surfaces and for a dry and a 
fully saturated slope. The planned slope is predicted to be stable 
under the absolutely worst-case plane shear conditions of 
one-dimensional intact rock and fully saturated conditions. The 
calculated factors of safety for this wedge are sufficiently low, 
at least 3.58 for fully saturated 55° slope angles and 99.9% 
confidence, to warrant occasional inspection of the crest of the 
slope for the development of headwall cracks, an early indication 
of approaching slope instability. 
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Table 22. Daylighted joint proportion of intact rock and strength 
reduction factor for size of minimum intact rock bridge to be 
sheared between joints in potentially adverse wedges. 


Structural 

Domain 

and 

Rock Type 

Joint 

Strike 

Joint 

Dip 

Proportion 
of Intact 

Minimum 
Spacing 
of Joint 
Set (ft) 

Strength 

Reduction 

Divisor 

5 - Tmp 

N50°W 

N17°E 

37°SW 

83°NW 

0.135 

0.048 

0.47 

1.00 

1.98 

3.25 

5 - Tmp 

N82°W 

N13°W 

73°NE 

51°NE 

0.010 

0.106 

0.20 

0.71 

1.13 

2.60 

2 - Tr 

N80°W 

N03°E 

38°SW 

53°NW 

0.206 

0.020 

1.04 

0.06 

3.34 

1.00 

12 - Tmp 

N82°W 

N13°W 

73°NE 

51°SW 

0.010 

0.106 

0.20 

0.71 

1.13 

2.60 



> 


J 
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Table 23. Factors of safety for potentially hazardous wedge 
intersections, Domain 5 (Detail Lines E + F), for Ultimate Pit 
Boundary at GQ-2NW Pit; Knight Property. 

Wedge G - H FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 240 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 

Angle (°) 80% 98% 99.9% 80% 98% 99.9% 


63.4 5.37 5.28 5.27 9.68 9.59 9.59 

55 12.19 12.09 12.09 22.63 22.55 22.54 


Saturated 1-Dimensional Intact 2-Dimensional Intact 

Slope 

Slope Confidence Level Confidence Level 

Angle (°) 80% 98% 99.9% 80% 98% 99.9% 

63.4 5.12 5.06 5.06 9.42 9.36 9.36 

55 11.93 11.88 11.87 22.37 22.32 22.32 


Wedge B - D FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 220 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 


Slope 

Confidence 

Level 

Confidence 

Level 

Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

7.30 

7.02 

7.01 

12.62 

12.38 

12.37 

55 

9.05 

8.78 

8.77 

15.94 

15.70 

15.68 


Saturated 1-Dimensional Intact 2-Dimensional Intact 

Slope 


Slope 

Confidence 

Level 

Confidence 

Level 

Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

6.58 

6.45 

6.45 

11.88 

11.77 

11.76 

55 

8.34 

8.21 

8.20 

15.20 

15.08 

15.08 
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Table 24. Factors of safety for potentially hazardous wedge 
intersections, Domain 2 (Detail Line A), for Ultimate Pit Boundary 
at GQ-5A Pit. 

Wedge A - B FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 550 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.53 

2.42 

2.42 

3.75 

3.65 

3.65 

55 

2.91 

2.80 

2.80 

4.43 

4.33 

4.33 


Saturated 1-Dimensional Intact 2-Dimensional Intact 

Slope 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.87 

1.82 

1.82 

2.98 

2.93 

2.93 

55 

2.25 

2.20 

2.20 

3.66 

3.61 

3.61 
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Table 25. Factors of safety for potentially hazardous wedge 
intersection on northeast facing pitwall, Domain 12 (Detail Lines E 
+ F), for inside the Ultimate Pit at GQ-1A (Karma-Wegmann) and 
GQ-1B (Independent) Pits. 

Wedge G - H FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 850 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.97 

1.87 

1.87 

3.20 

3.12 

3.11 

55 

3.89 

3.80 

3.79 

6.86 

6.77 

6.77 


Saturated 1-Dimensional Intact 2-Dimensional Intact 

Slope 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.72 

1.66 

1.66" 

2.94 

2.89 

2.89 

55 

3.64 

3.58 

3.58 

6.60 

6.55 

6.54 
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SUMMARY AND CONCLUSIONS 


A conservative limiting equilibrium slope analysis of the 
planned 55° overall slope angles for the Soledad Mountain Project 
indicated that all of the planned pit slopes should be stable. The 
primary reasons for the indicated slope stability are geologic. 

The fracture mapping performed demonstrated that the predominant 
fracture orientations are steeply dipping. The majority of the 
fractures mapped are steeper than the planned 55° slopes. In fact, 
the majority of the fractures mapped would be steeper than slopes 
at two units vertical to one unit horizontal, 63.4°. The two 
vertical to one horizontal slope is about as steep that a slope can 
be excavated while providing catch benches for occasional ravel. 

The Soledad Mountain topographic high, and the steeply dipping 
jointing have apparently served to lower the water table in this 
area of minimal rainfall. Previous underground mining has provided 
additional drainage for Soledad Mountain. The old underground mine 
workings inspected in Soledad Mountain were generally dry and 
occasionally damp, but not wet. 

The weakness paths presented by the generally steeply dipping 
natural fractures resulted in wedge shear being the predominant 
potential mode of slope failure. The intersection geometry of 
wedge shear provides a line of intersection that is flatter than 
the dip of either of the two fracture sets that form the wedge. 
Therefore, at the Soledad Mountain Project wedge shear is more 
likely mode of slope instability. Plane shear is the more frequent 
failure mode in areas where the natural jointing pattern contains 
more flat dipping fracture sets. 
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APPENDIX A 


Table Al. 

Uniaxial and Triaxial Compression 

Test Results 


Sample 
Ident. 

Length 
(in.) 

Diam. Confining 

(in.) Pressure 

(psi) 

Failure 

Load 

(lb) 

Failure 

Stress 

(psi) 

2x1 

Corrected 

(psi) 

Structual 

Control 

of 

Failure 


Detail 

Lines 

"A" and 

°H", Tr - 

Anhanitic 

Rhvolite.,_ 

flow banded 


A3#2 

3.777 

1.944 

0 

42000 

14150 

14100 

Yes 

A3 #4 

3.787 

1.950 

0 

27100 

9070 

9040 

Yes 

A3 #3 

4.010 

1.941 

250 

58500 

19750 

19830 

Yes 

Al#2 

4.506 

1.954 

500 

46600 

15520 

15780 

Minor 

A3 #1 

4.409 

1.948 

750 

67400 

22570 

22900 

Yes 

A4#3 

4.057 

1.955 

1000 

139200 

46320 

46530 

Yes 

A2#l 

4.254 

1.941 

1250 

121000 

40810 

41260 

Yes 

Al#l 

4.583 

1.944 

1500 

54000 

18100 

18450 

Yes 


Failure Strength (psi) = 13970 + 14.497(Confining Pressure - psi) 


Angle of Internal Friction = 60.6° 
Internal Cohesion = 1835 psi 


r 2 = 0.379; S„ = 11340 psi; = 1.915 (90%) 



Detail Line "B" and 

"C". TUP - 

Upper 

Pyroclastic 

Halt- 


Bl#3 

3.852 

1.934 

0 

62250 

21190 

21180 

Minor 

B3#3 

4.391 

1.939 

0 

20000 

6770 

6870 

Moderate 

Bl#2 

4.416 

1.940 

250 

33400 

11280 

11460 

Minor 

B3#l 

4.436 

1.940 

500 

58100 

19620 

19940 

Minor 

Bl#4 

4.863 

1.937 

750 

42300 

14300 

14680 

Yes 

Bl#7 

4.499 

1.933 

1000 

90100 

30630 

31180 

No 

B3 #2 

4.388 

1.940 

1250 

71300 

24040 

24390 

Minor 

Bl#5 

4.706 

1.938 

1500 

75000 

25320 

25900 

Moderate 


Failure Strength (psi) = 12940 + 9.922(Confining Pressure - psi) 


Angle of Internal Friction = 54.8° 

Internal Cohesion = 2054 psi 

r 2 = 0.489; S^, = 6200 psi; = 2.395 (95%) 
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APPENDIX A (Continued) 


Table Al. 

Uniaxial 

. and Triaxial Compression 

Test Results (Con't) 


Sample 

Length 

Diam. Confining 

Failure 

Failure 

2x1 

Structual 

Ident. 

(in.) 

(in.) Pressure 

(psi) 

Load 

(lb) 

Stress 

(psi) 

Corrected 

(psi) 

Control 

of 

Failure 



Detail Line "D", 

Tr - ADhanitic Rhyolite, flow 

banded 


D5#2 

3.646 

1.990 

0 

12500 

4020 

3970 

Yes 

D5#l 

3.771 

1.989 

0 

46600 

15000 

14900 

Moderate 

D2 #3 

3.898 

1.986 

250 

112800 

36410 

36320 

Minor 

Dl#2 

4.088 

1.987 

500 

131500 

42400 

42550 

Minor 

D2#l 

4.323 

1.987 

750 

108000 

34820 

35170 

Yes 

Dl#3 

4.315 

1.982 

1000 

161000 

52160 

52700 

Moderate 

D2#2 

4.367 

1.989 

1250 

103000 

33130 

32510 

Moderate 

Dl#l 

4.402 

1.984 

1500 

131000 

42350 

42870 

Yes 

Failure 

Strength 

(psi) = 

19960 + 

19.487(Confining Pressure - 

psi) 


Angle of Internal Friction = 64.5 
Internal Cohesion = 2261 psi 

r 2 = 0.483; S,, = 12320 psi; = 2.368 (95%) 


Detail Line "E", Tmp - 


E3 #2 

3.804 

1.985 

0 

E4#3 

3.922 

1.980 

0 

E3#l 

3.966 

1.986 

250 

E5#3 

4.135 

1.988 

500 

E2#2 

4.064 

1.986 

750 

E2#l 

4.600 

1.989 

1000 

El#l 

4.538 

1.987 

1250 

E4#l 

4.718 

1.986 

1500 

E10#l 

4.063 

1.957 

500 

Ell#l 

3.877 

1.957 

750 

E10#3 

3.888 

1.956 

1500 

Failure 

Strength 

(psi) 

= 15950 


Middle Pyroclastic Unit 


65600 

21200 

21080 

Minor 

33350 

10830 

10820 

Minor 

51700 

16680 

16680 

Minor 

83500 

26890 

27020 

Minor 

47000 

15160 

15200 

Yes 

68000 

21870 

22250 

Moderate 

73000 

23520 

23890 

No 

63000 

20310 

20720 

Yes 

105000 

34880 

35040 

Minor 

49300 

16360 

16340 

Moderate 

165300 

54940 

54900 

Minor 


. 947(Confining Pressure - psi) 


Angle of Internal Friction = 56.5° 

Internal Cohesion = 2397 psi 

r 2 = 0.244; S,, = 11120 psi; T„ fc = 1.704 (88%) 
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APPENDIX A (Continued) 

Table Al. Uniaxial and Triaxial Compression Test Results (Con't) 


Sample 

Length 

Diam. 

Confining 

Failure 

Failure 

2x1 Structual 

Ident. 

(in.) 

(in.) 

Pressure 

(psi) 

Load 

(lb) 

Stress 

(psi) 

Corrected Control 
(psi) of 

Failure 


Detail Line "F", Tmp - Middle Pyroclastic Unit 


F2 #2 

3.423 

1.992 

0 

67200 

21560 

21130 

Moderate 

F3 #4 

3.552 

1.994 

0 

63500 

20340 

20030 

Minor 

F2 #3 

3.733 

1.991 

250 

86200 

27680 

27460 

Minor 

F3#l 

4.052 

2.008 

500 

71300 

22520 

22540 

Minor 

F3#2 

4.056 

2.005 

750 

96700 

30600 

30670 

No 

F5#l 

4.255 

1.945 

1000 

60000 

20140 

20350 

Moderate 

Fl#l 

4.329 

1.985 

1250 

51800 

16720 

16890 

Yes 

F3#3 

4.540 

2.008 

1500 

105100 

33200 

33680 

Moderate 

F12 #2 

3.931 

1.976 

250 

38600 

12580 

12570 

No 

F13 #1 

3.002 

1.972 

750 

82600 

27020 

26000 

No 

Fll#l 

3.628 

1.973 

1000 

157000 

51320 

50770 

No 

F12#l 

3.475 

1.973 

1250 

31900 

10400 

10220 

Yes 

F10#l 

4.124 

1.975 

1500 

72100 

23490 

23620 

Minor 

iFailure 

Strength 

(psi) 

= 21680 + 

3.413(Confining Pressure - psi) 



Angle of Internal Friction = 33.1° 
Internal Cohesion = 5867 psi 


r 2 = 0.031; = 10620 psi; T„ b = 0.595 (43%) 


Detail Lines "E" and "F". Tmp - Middle Pyroclastic Unit 

Failure Strength (psi) = 18960 + 6.938(Confining Pressure - psi) 

Angle of Internal Friction = 48.4° 

Internal Cohesion = 3600 psi 

r 2 = 0. Ill; S„ = 10540 psi; T^ = 1.662 (89%) 
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APPENDIX A (Continued) 


Table Al. 

Uniaxial 

. and Triaxial Compression 

Test Results (Con't) 


Sample 

Length 

Diam. Confining 

Failure 

Failure 

2x1 

Structual 

Ident. 

(in.) 

(in.) Pressure 

(psi) 

Load 

(lb) 

Stress 

(psi) 

Corrected 

(psi) 

Control 

of 

Failure 




Detail Line "G" 

. Tro - Rhvolite Pomhvrv, flow 

banded 


G#3 


3.824 

1.940 

0 

6900 

2330 

2330 

Moderate 

G#6 


4.009 

1.974 

0 

14300 

4670 

4680 

Minor 

G#1 


4.490 

1.972 

250 

23700 

7750 

7870 

Minor 

G#2 


4.525 

1.965 

500 

32500 

10700 

10880 

No 

G#4 


4.500 

1.978 

750 

66800 

21720 

22050 

No 

G#5 


4.193 

1.978 

1000 

58300 

18950 

19080 

Yes 

G#7 


4.082 

1.977 

1250 

40900 

13290 

13340 

Minor 

G#8 


4.014 

1.973 

1500 

43100 

14050 

14080 

Minor 

Failure 

Strength 

(psi) 

= 6250 + 

8.444(Confining Pressure - psi) 



Angle of Internal Friction = 

52.0° 





Internal Cohesion = 

1075 psi 





) 

r 2 = 

0.496; Sy, 

= 5200 

psi; T Mfc 

= 2.430 (95%) 






Detail Line 

"I", Tal 

- Quartz Latite Porphyry 


I#7 


3.994 

1.990 

0 

38300 

12310 

12320 

Minor 

I#8 


4.074 

1.987 

0 

63000 

20320 

20380 

No 

I#1 


4.463 

1.993 

250 

97300 

31190 

31610 

Minor 

I#2 


4.442 

1.991 

500 

109500 

35160 

35630 

No 

I#3 


4.420 

1.991 

750 

72000 

23120 

23410 

Yes 

I#4 


4.315 

1.991 

1000 

100000 

32110 

32420 

Yes 

I#5 


4.121 

1.990 

1250 

106250 

34150 

34290 

Minor 

I#6 


4.196 

1.990 

1500 

107000 

34380 

34610 

Minor 

Failure 

Strength 

(psi) 

= 21340 + 

10.273(Confining Pressure - psi) 


Angle of Internal Friction = 55.3° 
Internal Cohesion = 3329 psi 


r 2 = 0.474 ; Sy, = 6610 psi; = 2.326 (95%) 
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APPENDIX A (Continued) 


Table A2 Direct Shear Test Results 


Sample 

Sample 

Normal 


Normal 

Shear 

Shear 

Ident. 

Diameter 

Load 


Stress 

Force 

Stress 


(in.) 

(lb) 


(psi) 

(lb) 

(psi) 

Detail 

T.ines "A" and "H", Tr 


ADhanitic 

Rhvolite, flow banded 

A4#2 

1.942 

148.10 


50.00 

91.00 

30.72 


296.20 


100.00 

173.00 

58.41 



592.40 


200.00 

330.20 

111.41 

A4#3 

1.941 

147.95 


50.00 

92.00 

31.09 


295.90 


100.00 

173.00 

60.83 



591.80 


200.00 

355.00 

119.97 

A4 #6 

1.954 

150.00 


50.02 

94.00 

31.35 


300.00 


100.04 

182.00 

60.69 



600.00 


200.08 

340.00 

113.38 

Shear Strength 

(psi) = 3. 

58 

+ 0.558(Normal Stress - 

psi) 


Angle of Surface Friction = 29.1° 




Surface Cohesion = 3. 

58 

psi 




r 2 = 0.996; 

S^ = 2.56 

psi; T^ = 40 

. 690 (>>99%) 



Detail Line 

"B" and " 

C" 

, Tun - Unner Pvroclastic 

Unit 

Bl#l 

1.941 

147.95 


50.00 

71.00 

23.99 


295.90 


100.00 

142.00 

47.99 



591.80 


200.00 

266.20 

89.90 

Bl#6 

1.942 

148.10 


50.00 

70.00 

23.63 


296.20 


100.00 

131.00 

44.23 



592.40 


200.00 

252.00 

85.08 

B4#6 

1.954 

147.95 


50.00 

72.00 

24.33 


295.90 


100.00 

140.00 

47.31 



591.80 


200.00 

275.00 

92.94 


Shear Strength (psi) = 2.59 + 0.434(Normal Stress - psi) 

Angle of Surface Friction = 23.5° 

Surface Cohesion = 2.59 psi 

r 2 = 0.994; S„ = 2.41 psi; T^ = 33.665 (»99%) 
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APPENDIX A (Continued) 


Table A2. Direct Shear Test Results (Con't) 


Sample 
Ident. 

Sample 
Diameter 
(in.) 

Normal 

Load 

(lb) 

Normal 

Stress 

(psi) 

Shear 

Force 

(lb) 

Shear 

Stress 

(psi) 

Detail Line "D 

". Tr - Aohanitic Rhvolite 

, flow banded 

D3#l 

1.988 

155.20 

50.00 

93.00 

29.96 



310.40 

100.00 

179.00 

57.67 



620.80 

200.00 

348.20 

112.11 

D4#l 

1.987 

155.05 

50.00 

95.00 

30.64 



310.10 

100.00 

184.00 

59.34 



620.20 

200.00 

350.00 

112.87 

D4#2 

1.991 

155.65 

50.00 

95.00 

30.51 



311.30 

100.00 

192.00 

61.67 



622.60 

200.00 

368.00 

118.20 

Shear Strength 

(psi) = 2.95 + 

0.558(Normal Stress 

- psi) 


Angle of Surface Friction 

= 29.2° 




Surface cohesion = 2.95 psi 




r 2 = 0.997; 

S„ = 2.95 psi; 

T^ = 48.002 

(»99%) 



Detail Line "E", Trim - Middle Pyroclastic Unit 


E4#2 

1.989 

155.35 

310.70 

621.40 

50.00 

100.00 

200.00 

102.00 

198.00 

370.00 

32.83 

63.72 

119.08 

E5#l 

1.984 

145.50 

309.00 

618.00 

50.00 

100.00 

200.00 

87.00 

194.00 
369.00 

28.14 

62.75 

119.36 

E6#2 

1.990 

155.50 

311.00 

622.00 

50.00 

100.00 

200.00 

83.00 

190.00 

354.00 

26.69 

61.09 

113.82 


Shear Strength (psi) = 1.77 + 0.583(Normal Stress - psi) 

Angle of Surface Friction = 30.2° 

Surface Cohesion = 1.77 psi 

r 2 = 0.994; S„ = 3.23 psi; T^ = 33.699 (»99%) 
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APPENDIX A (Continued) 
Table A2. Direct Shear Test Results (Con't) 


Sample 

Sample 

Normal 

Normal 

Shear 

Shear 

Ident. 

Diameter 

Load 

Stress 

Force 

Stress 


(in.) 

(lb) 

(psi) 

(lb) 

(psi) 


Detail Line "F". Tmo - Middle Pvroclastic Unit 


Fl#2 

1.962 

151.15 

50.00 

95.00 

31.42 



302.30 

100.00 

183.00 

60.53 



604.60 

200.00 

350.00 

115.77 

F2#l 

1.992 

155.85 

50.00 

89.00 

28.56 



311.70 

100.00 

181.00 

58.08 



623.40 

200.00 

340.00 

109.10 

F4#l 

1.946 

148.70 

50.00 

93.00 

31.27 



297.40 

100.00 

187.00 

62.87 



594.80 

200.00 

374.00 

125.75 

Shear Strength 

(psi) = 2.23 + 

0.575(Normal Stress - 

psi) 


Angle of Surface Friction 

= 29.9° 




Surface Cohesion = 2-23 psi 




r 2 = 0.986; 

S„ = 4.79 psi; 

T^ = 22. 

434 (»99%) 


Detail Lines "E 

" and " F", Tiiid 

- Middle 

Pvroclastic 

Unit 

Shear Strength (psi) = 2.00 + 

Angle of Surface Friction 

0.578(Normal Stress - 

= 3 0.0° 

psi) 


Surface Cohesion = 2.00 psi 

r 2 = 0.990; S„ = 3.83 psi; T^ = 39.927 (»99%) 
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APPENDIX A (Continued) 

Table A2. Direct Shear Test Results (Con't) 


Sample 

Ident. 

Sample 
Diameter 
(in.) 

Normal 

Load 

(lb) 

Normal 

Stress 

(psi) 

Shear 

Force 

(lb) 

Shear 

Stress 

(psi) 


Detail Line "G", Trp - 

Rhvolite 

Porphyry 


G#A 

1.962 

151.15 

50.00 

95.00 

32.60 



302.30 

100.00 

183.00 

63.20 



604.60 

200.00 

350.00 

130.30 

G#B 

1.992 

155.85 

50.00 

89.00 

29.60 



311.70 

100.00 

181.00 

56.60 



623.40 

200.00 

340.00 

114.80 

G#C 

1.946 

148.70 

50.00 

93.00 

30.00 



297.40 

100.00 

187.00 

58.70 



594.80 

200.00 

374.00 

120.40 

Shear Strength 

(psi) = 1.32 

+ 0.588(Normal Stress 

- psi) 


Angle of Surface Friction = 30.5° 
Surface Cohesion = 1.32 psi 



r* = 0.994; S„ 

= 3.27 

psi; T^ = 33.271 

(>>99%) 



Detail Line 

"I", Tcrl 

- Quartz Latite 

Porphyry 


I#A 

1.962 

151.15 

302.30 

604.60 

50.00 

100.00 

200.00 

95.00 

183.00 

350.00 

32.90 

60.90 
122.40 

I#B 

1.992 

155.85 

311.70 

623.40 

50.00 

100.00 

200.00 

89.00 

181.00 

340.00 

31.70 

56.50 

113.70 

i#c 

1.946 

148.70 

297.40 

594.80 

50.00 

100.00 

200.00 

93.00 
187.00 
374.00 

30.80 

58.30 

122.50 


Shear Strength (psi) = -0.43 + 0.610(Normal Stress - psi) 

Angle of Surface Friction = 31.3° 

Surface Cohesion = 0.00 psi 

r’ - 0.988; S„ = 4.72 psi; T* = 24.144 (»99%) 
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Table A3. Density Measurements 

Sample Density 

Ident. (PCF) 

Page A-10 

(Continued) 

Sample 

Ident. 

November 

Density 

(PCF) 

Detail Lines 

"A" and "H" 

Detail Lines "B" and H| 

A3#2 

147.4 

Bl#3 

158.2 

A3 #4 

144.8 

B3 #3 

154.1 

A3 #3 

144.2 

Bl#2 

154.4 

Al#2 

129.4 

B3 #1 

153.4 

A3 #1 

142.9 

Bl#4 

145.1 

A4#3 

148.6 

Bl#7 

157.7 

A2#l 

146.9 

B3 #2 

153.9 

Al#l 

131.5 

Bl#5 

152.1 

Mean 

142.0 


153.6 

Standard Deviation 

7.4 


4.0 

Detail Line "D" 

Detail 

Line "E" 

D5#2 

153.9 

E3#2 

150.6 

D5#l 

156.2 

E4 #3 

142.7 

D2#3 

151.0 

E3#l 

142.9 

Dl#2 

151.9 

E5#3 

143.5 

D2#l 

152.4 

E2#2 

146.0 

Dl#3 

153.0 

E2#l 

141.6 

D2#2 

148.5 

El#l 

147.9 

Dl#l 

152.5 

E4#l 

144.4 



E10#l 

150.7 



Ell#l 

138.5 



E10#3 

152.6 

Mean 

152.4 


145.6 

Standard Deviation 

2.2 


4.4 

Detail Line "F" 

Detail 

Line "F" 

F2 #2 

153.1 

F12#2 

142.2 

F3#4 

145.8 

F13#l 

147.4 

F2#3 

152.4 

Fll#l 

151.8 

F3#l 

144.6 

F12 #1 

141.3 

F3#2 

141.8 

F10#l 

142.1 

F5#l 

155.5 



Fl#l 

152.7 



F3#3 

143.1 



Mean 



147.2 

Standard 

Deviation 


5.2 


, 1995 
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Table A3. 


Mean 

Standard 


APPENDIX A (Continued) 
Density Measurements (Con't) 


Sample 

Density 

Sample 

Density 

Ident. 

(PCF) 

Ident. 

(PCF) 

Detail 

Line "G" 

Detail 

Line "I" 

G#3 

125.5 

I#7 

152.9 

G#6 

140.3 

I#8 
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G#1 

142.9 

I#1 

154.5 
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137.8 

I#2 

154.1 

G#4 
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I#3 

144.8 

G#5 

148.9 

I#4 

153.6 

G#7 

142.2 

I#5 

148.3 

G#8 

138.7 

I#6 

149.9 


140.7 


151.1 

Deviation 

7.4 


3.4 
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Figure Al. Compression test plot. 

Detail Lines "A" and "H", Compression Test Results 


Tr - Aphanitic rhyolite, flow banded 
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Tr - Aphanitic rhyolite, flow banded 
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Figure A3. Compression test plot. 

Detail Lines "B H and "C", Compression Test Results 


Tup - Upper pyroclastic unit 
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Detail Lines "B" and "C", Direct Shear Test Results 


Tup - Upper pyroclastic unit 
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Figure A5. Compression test plot. 

Detail Line "D", Compression Test Results 


Tr - Aphanitic rhyolite, flow banded 
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Detail Line "D", Direct Shear Test Results 


Tr - Aphanitic rhyolite, flow banded 
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Figure A7. Compression test plot. 

Detail Line "E", Compression Test Results 


Tmp - Middle pyroclastic unit 
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Detail Line "E", Direct Shear Test Results 


Tmp - Middle pyroclastic unit 
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Figure A9. Compression test plot. 

Detail Line "F", Compression Test Results 


Tmp - Middle pyroclastic unit 



Golden Queen Mining Co., Inc. 




Peak Shear Strength (psi) 


O 

0 


Detail Line "F", Direct Shear Test Results 


Tmp - Middle pyroclastic unit 
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Figure All. Compression test plot. 


Detail Lines "E" & "F", Compression Test Results 

Tmp - Middle pyroclastic unit 
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Detail Lines "E" and "F”, Direct Shear Test Results 


Tmp - Middle pyroclastic unit 
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Figure A13. Compression test plot. 

Detail Line "G", Compression Test Results 


Trp - Rhyolite Porphyry, flow banded 
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Detail Line "G", Direct Shear Test Results 


Trp - Rhyolite Porphyry 
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n 


Figure A15. Compression test plot. 


Detail Line "I", Compression Test Results 
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Tql - Quartz Latite Porphyry 
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APPENDIX B 


SCHMIDT EQUAL-AREA FRACTURE DATA PROJECTIONS 
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figure B - ’1. Schmidt egual - area plot of Detail Line A fractures. 
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Figure B-2. Schmidt equal-area plot of Detail Line B fractures. 
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Figure B-3. Schmidt equal-area plot of Detail Line C fractures. 
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Figuxe B—4. Schmidt egual—area plot of Detail Line D fractures. 
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Figure B-6. Schmidt equal-area plot of Detail Line F fractures. 
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Figure B-7 


Schmidt equal-area plot of Detail Line G fractures. 
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Figure B-8. Schmidt equal-area plot of Detail Line H fractures. 
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Figure B-9. 


Schmidt equal-area plot of Detail Line I fractures. 
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fractures. 
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Figure B-ll. Schmidt equal-area plot of Detail Lines B + C 
fractures. 
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Figure B-12. Schmidt equal-area plot of Detail Lines E + F 
fractures. 
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APPENDIX C 


WEDGE-SHEAR FRACTURE INTERSECTION CONSTRUCTIONS 
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Figure C-l. Wedge intersection construction for Detail Line 
fracture sets, see Figure B-l. 
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Figure c-2 . Wedge intersection construction for Detail Line D 
fracture sets, see Figure B-4. 
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Figure C-3. Wedge intersection^construction for Detail Line G 
fracture sets, see Figure B-7., 
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Figure C-4. Wedge intersection construction for Detail Line 
fracture sets, see Figure B-9. 
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Figure C-6. Wedge intersection construction for Detail Lines E + F 
fracture sets, see Figure B-12. 
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APPENDIX D 


DETAIL LINE FIELD DATA FRACTURE MAPPING SHEETS 
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EXECUTIVE SUMMARY 


The site largest maximum-credible site acceleration of 0.055 g 
will not be sufficient to induce failure of any of the planned 55° 
design slope angles on Soledad Mountain. This is true for both the 
highwalls along the Ultimate Pit Boundary and the pitwalls within 
the interconnected pits inside the Ultimate Pit Boundary. In fact, 
pitwall slope angles of 63.4° (two vertical to one horizontal) 
could resist the additional down-dip thrust from the maximum 
credible earthquake without triggering a slope failure. The 
earthquake slope stability analyses conservatively assumed not only 
the maximum credible earthquake but that the acceleration from that 
event was directed in the most adverse possible direction, parallel 
to the potential sliding surfaces. Table 1 presents the 
lowest-possible limiting equilibrium factors of safety for the 
planned pit highwalls, critically oriented with respect adverse to 
fracture orientations, with the maximum individual slope height and 
when subjected to the maximum credible earthquake. The relatively 
minor impact of the maximum credible earthquake on the calculated 
factors of safety for the conservative application of the 
earthquake acceleration can be seen by comparing Table 1 with Table 
2, for the same conditions without the maximum credible earthquake 
acceleration applied to the slopes. 

The planned pit slopes and geologic conditions are unchanged 
from those presented in the "Soledad Mountain Project, Slope 
Stability Analysis", November 8, 1995. The Tertiary rock types 
present in the area of the planned pit remain the Quartz Latite 
Porphyry (Tql), the Middle Pyroclastic Unit (Tmp), the Aphanitic 
Rhyolite (Tr), the Upper Pyroclastic Unit (Tup) and the Rhyolite 
Porphyry (Trp). 
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Table 1. Relative stability of planned slopes under maximum 
credible earthquake acceleration. 

Location Information Slope Slope Factor of Safety 


Side of 

Structural 

Rock 

Slope 

Height 

Angle 

@ Confidence Level 

Pit 

Domain 

Type 

Ident. 

(ft) 

(°) 

80% 98% 99.9% 

East 

11 

Tup 

1 

800 

63.4° 

Failure paths > 





55° 

possible slopes 


12 

Tmp 

2 

850 

63.4° 

1.84 1.75 1.74 





55° 

3.63 3.54 3.54 


1 

Tql 

3 

400 

63.4° 

2.34 2.23 2.23 





55° 

2.35 2.24 2.24 

North 

2 

Tr 

4 

550 

63.4° 

2.32 2.21 2.21 






55° 

2.66 2.56 2.56 

Northwest 5 

Tmp 

10 

240 

63.4° 

5.01 4.92 4.92 






55° 

11.33 11.25 11.25 




11 

180 

63.4° 

55° 

No failure path 




12 

220 

63.4° 

6.68 6.43 6.42 






55° 

8.28 8.03 8.02 

West 

8 

Trp 

9 

650 

63.4° 

Failure paths > 





55° 

possible slopes 

South 



8 

1100 

63.4° 

Failure paths < 






55° 

residual friction 


10 

Trp 

7 

780 

63.4° 

Failure paths < 





55° 

residual friction 




6 

700 

63.4° 

55° 

No failure path 


11 

Trp 

5 

600 

63.4° 

Failure paths > 





55° 

possible slopes 
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Table 2. Relative stability of planned slopes, without maximum 
credible earthquake acceleration. 



Location 

Information 

Slope 

Slope 

Factor of Safety 

Side of 

Structural Rock 

Slope 

Height 

Angle 

@ Confidence Level 

Pit 

Domain 

Type 

Ident. 

(ft) 

(°) 

80% 98% 99.9% 

East 

11 

Tup 

1 

800 

63.4° 

Failure paths > 




55° 

possible slopes 


12 

Tmp 

2 

850 

63.4° 

1.97 1.87 1.87 





55° 

3.89 3.80 3.79 


1 

Tql 

3 

400 

63.4° 

2.69 2.56 2.56 





55° 

2.69 2.57 2.57 

North 

2 

Tr 

4 

550 

63.4° 

2.53 2.42 2.42 





55° 

2.91 2.80 2.80 

Northwest 5 

Tmp 

10 

240 

63.4° 

5.37 5.28 5.27 





55° 

12.19 12.09 12.09 




11 

180 

63.4° 

55° 

No failure path 




12 

220 

63.4° 

7.30 7.02 7.01 






55° 

9.05 8.78 8.77 

West 

8 

Trp 

9 

650 

63.4° 

Failure paths > 




55° 

possible slopes 

South 



8 

1100 

63.4° 

Failure paths < 





55° 

residual friction 


10 

Trp 

7 

780 

63.4° 

Failure paths < 




55° 

residual friction 




6 

700 

63.4° 

No failure path 




- 


55° 



11 

Trp 

5 

600 

63.4° 

Failure paths > 





55° 

possible slopes 
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INTRODUCTION 


The following analysis of planned 55° pitwall slope angles was 
undertaken to evaluate their stability when the acceleration from 
the maximum credible earthquake is applied to the potentially 
unstable planned slopes of the Soledad Mountain Project. The 
Soledad Mountain Project involves mining the interconnected 
orebodies shown on Figure 1. The Ultimate Pit Boundary is shown on 
Figure 2. Figure 2 also indicates the structural domains, areas of 
consistent geologic structure, defined during the geologic work 
preceding preparation of the "Soledad Mountain Project, Slope 
Stability Analysis", November 8, 1995 report. Figure 3 presents 
the location of critical slopes within the Ultimate Pit Boundary as 
defined in the November 8, 1995 report. 

The potentially unstable slopes were identified and their 
stability analyzed under gravitational loading in the "Soledad 
Mountain Project, Slope Stability Analysis" report, November 8, 
1995. This report adds the force developed by the maximum credible 
earthquake derived site acceleration to the gravitational thrust 
acting down the adverse structures mapped in the area of the 
planned Ultimate Pit Boundary and highwalls inside the planned 
Ultimate Pit Boundary. Adverse fractures are those which either 
dip out of the planned pitwalls or join with another fracture to 
form a wedge of rock plunging out of a planned pitwall. Figure 4 
shows the plane shear and wedge failure modes analyzed. The 
limiting equilibrium method was used to calculate the factors of 
safety between the potential driving thrust and resistance to 
sliding. The resistance to sliding, frictional and cohesive, along 
an adverse fracture orientation is not affected by earthquake 
acceleration if the acceleration is parallel to the daylighted 
fracture. Any other earthquake acceleration direction reduces the 
down-dip thrust component. 

The "Soledad Mountain Project, Slope Stability Analysis" 
report, November 8, 1995 presented the method of calculating the 
resistance to sliding when an adversely oriented fracture set is 
present in one of the critical slopes. The only adjustment made in 
this report is the addition of the earthquake produced thrust to 
the gravitational thrust component. 
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Figure 1. Interconnected planned pits within Ultimate Pit Boundary 
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Structural domains for Soledad Mountain Project 


tritt 
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Figure 3. Critical, worst-case highwalls for Soledad Mountain 
Project. 
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Figure 4. Potential plane and wedge shear failure modes. 



Isometric sketch of failure geometry for daylighted plane shear 
fracture dipping into pit, showing end release fractures. 



Isometric sketch of failure geometry for daylighted wedge shear 
condition, intersection of two fractures plunging into pit. 
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LIMITING EQUILIBRIUM SLOPE STABILITY ANALYSIS 

Daylighted fracture, or joint, sets are potentially subject to 
plane shear sliding failure whenever the fracture is flatter than 
the slope angle and steeper than the angle of surface friction of 
the rock type involved. The wedge formed by two fracture sets is 
subject to sliding failure when the plunge of their line of ' 
intersection plunges flatter than the slope angle, is daylighted, 
and steeper than the angle of surface friction of the rock type 
involved. Wedge failures are less common than plane shear 
failures, possibly because there is more area to shear across each 
unit of the highwall face. The critical pitwall identified on 
Figure 3 by the number 3 (Structural Domain 1, rock type Tql) is 
primarily at risk because of the potential of plane shear sliding 
along a daylighted fracture. The critical slope highwall 
identified by number 2 (Structural Domain 12, rock type Tmp) is at 
risk for plane shear failure. However, a potential wedge shear 
failure present in the same critical slope has a lower factor of 
safety. Wedge shear provides the only potential failure mode for 
the critical highwalls identified by the numbers 4 (Structural 
Domain 2, rock type Tr), 10 and 12 (Structural Domain 5, rock type 
Tmp) . 


PIiANE SHEAR SLOPE ANALYSIS 

Table 3 presents the limiting equilibrium plane shear factors 
of safety for the potentially adverse daylighted N20"W striking and 
22°SW dipping fracture set in Structural Domain 1 and critical 
Ultimate Pit Boundary slope 3, as shown on Figure 3. Critical 
slope 3 is 400 feet high and has a planned 55° overall slope angle. 
These factors of safety include the maximum credible earthquake 
acceleration of 0.055 g provided by WZI, Inc. in their letter of 
December 7, 1995. The following example calculation should explain 
the calculation of the factor of safety for the dry slope 
condition, with a one-dimensional estimate of intact rock along the 
fracture controlled potentially adverse plane shear failure path, 
subjected to the maximum credible earthquake acceleration. 

Weight of potential sliding block - 10730 tons/foot of wall 

Gravitational (weight) thrust component = 10730(Sin22°) = 4020-^p 

Down-dip earthquake thrust component = 10730(0.055) = 590-^p 

Total thrust to produce sliding = 4020 + 590 = 4610-^p 

Total resistance to sliding = 10830 (see November 8, 1995 

report) 

Factor of safety without maximum credible earthquake = 

Sliding Resistance _ 1 Q 83 Q _ 2 59 
Gravitational Thrust 4020 

Factor of safety with maximum credible earthquake = 

_ Sliding Resistance __ 10830 10830 — 2 35 

Gravitational Thrust +Earthquake Thrust 4020+590 4610 
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Table 3. Factors of safety for potentially hazardous plane shear 
joint set striking N2 0°W and dipping 22°SW, Domain 1 (Detail Line 
I), for Ultimate Pit Boundary at GQ-1A (Karma-Wegmann) Pit, under 
maximum credible earthquake loading. 

Quartz Latite Porphyry, overall slope height - 400 ft. 

FACTORS OF SAFETY 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.34 

2.23 

2.23 

2.76 

2.71 

2.71 

55 

2.35 

2.24 

2.24 

2.77 

2.71 

2.71 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 


Slope 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.48 

1.41 

1.41 

1.75 

1.71 

1.71 

55 

1.48 

1.41 

1.41 

1.76 

1.72 

1.72 
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Table 3 also provides factors of safety for fully saturated slopes 
and for 2-dimensional estimates of intact rock. Figure 5 indicates 
the fully saturated slope condition examined and the how the pore 
pressure induced hydraulic uplift force was calculated. The 
hydraulic uplift force would, if present reduce the normal force 
acting on the fracture controlled potential failure plane. 

Reduction of the normal force reduces the frictional resistance to 
sliding in proportion to the uplift force. The essentially dry 
condition of the underground workings inspected below the planned 
pit indicates that the Soledad Mountain Project pit slopes will be 
dry. Table 3 indicates that the potentially adverse daylighted 
fracture set just examined should be stable even if the slope were 
fully saturated when subjected to the maximum credible earthquake. 

Plane shear slope failure is possible along potentially 
adverse fracture orientations in Structural Domain 12 (critical 
interior slope 2) and in Structural Domain 5 (critical Ultimate Pit 
Boundary slope 10 and critical Ultimate Pit Boundary slope 12). 
Table 4 presents the factors of safety for earthquake loading added 
to the gravitational thrust along the potentially hazardous 
fracture set that strikes N13°W and dips 51°SW. The factors of 
safety are for dry and saturated slope hydraulic conditions and for 
1-dimensional and 2-dimensional intact rock estimates. Table 5 
presents the factors of safety for earthquake loading added to the 
gravitational thrust along the potentially hazardous fracture set 
that strikes N50°W and dips 37°SW. Table 6 presents the factors of 
safety for earthquake loading added to the gravitational thrust 
along the potentially hazardous fracture set that strikes N13°W and 
dips 51°NE. The factors of safety are for dry and saturated slope 
hydraulic conditions and for 1-dimensional and 2-dimensional intact 
rock estimates. 

The decrease in the plane shear factors of safety resulting 
from the application of the maximum credible site acceleration of 
0.055 g does not indicate instability for any of the critical 
pitwalls potentially at risk for sliding along daylighted fracture 
sets. This is true, regardless of the hydraulic pore pressure that 
could possibly develop in any of the pitwalls. It is, however, 
unlikely that significant pore pressure will be present or will 
develop in the pitwalls. 
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Figure 5. Geometric and hydraulic uplift conditions related to 
calculation of limiting equilibrium slope stability. 
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Table 4. Factors of safety for potentially hazardous plane shear 
joint set striking N13°W and dipping 51°SW, Domain 12 (Detail Lines 
E + F), on northeast facing pitwall, Domain 12 (Detail Lines E + 

F), for inside the Ultimate Pit at GQ-1A (Karma-Wegmann) and GQ-1B 
(Independent) Pits, under maximum credible earthquake loading. 

Middle Pyroclastic Unit, overall slope height - 850 ft. 

FACTORS OF SAFETY 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.23 

2.20 

2.20 

3.78 

3.75 

3.75 

55 

5.35 

5.32 

5.32 

9.66 

9.63 

9.63 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 


Slope 

Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.02 

2.00 

2.00 

3.56 

3.54 

3.54 

55 

5.14 

5.12 

5.12 

9.43 

9.42 

9.42 
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Table 5. Factors of safety for potentially hazardous plane shear 
joint set striking N50°W and dipping 37°SW, Domain 5 (Detail Lines 
E + F), for Ultimate Pit Boundary at GQ-2NW Pit (Knight Property) 
under maximum credible earthquake loading. 

Middle Pyroclastic Unit, overall slope height - 240 ft. 

FACTORS OF SAFETY 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

7.25 

7.02 

7.02 

12.59 

12.43 

12.43 

55 

9.00 

8.82 

8.82 

15.95 

15.80 

15.80 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 


Slope 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

6.67 

6.59 

6.59 

12.03 

11.96 

11.96 

55 

8.48 

8.40 

8.40 

15.41 

15.33 

15.33 
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Table 6. Factors of safety for potentially hazardous plane shear 
joint set striking N13°W and dipping 51°NE Domain 5 (Detail Lines E 
+ F), for Ultimate Pit Boundary at GQ-2NW Pit (Knight Property) 
under maximum credible earthquake loading. 

Middle Pyroclastic Unit, overall slope height - 220 ft. 


Dry Slope 

Slope 
Angle (°) 


63.4 

55 


Saturated 

Slope 


FACTORS OF SAFETY 

1-Dimensional Intact 2-Dimensional Intact 

Confidence Level Confidence Level 


80% 

98% 

99.9% 

80% 

98% 

99.9% 

7.15 

7.12 

7.12 

13.04 

13.01 

13.01 

19.25 

19.22 

19.22 

35.82 

35.78 

35.78 


1-Dimensional Intact 2-Dimensional Intact 


Slope Confidence Level 

Angle (°) 80% 98% 99.9% 


Confidence Level 
80% 98% 99.9% 


63.4 

55 


6.94 6.92 6.92 

19.04 19.02 19.02 


12.79 13.80 12.80 

35.59 35.57 35.57 
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WEDGE SHEAR SLOPE ANALYSIS 

The potential wedge shear sliding hazards present at the 
Soledad Mountain Project were analyzed by first determining the 
bearings, plunges and dihedral angles of potentially hazardous 
wedge intersections formed by significant fractures sets defined 
during the detail line mapping described in the November 8, 1995 
base report. The same limiting condition criteria govern the 
development of wedge shear slope failures as do plane shear 
sliding, i.e. plunge of the line of intersection must be less than 
the slope face angle and greater than the residual friction angle 
for the rock type. 

Table 7 lists the potentially adverse wedge intersections that 
were determined from the fracture sets detected in the fracture 
orientation data mapped along Detail Lines E + F, Domain 5 on the 
Ultimate Pit Boundary. Table 8 lists the potentially adverse wedge 
intersection that was determined from the fracture sets detected in 
the fracture orientation data mapped along Detail Line A, Domain 2, 
on the Ultimate Pit Boundary. Table 9 lists the potentially 
adverse wedge intersection that was determined from the fracture 
sets detected in the fracture orientation data mapped along Detail 
Lines E + F, Domain 12, a critical slope inside the Ultimate Pit 
Boundary. These tables indicate the fracture sets producing the 
potentially adverse wedges and the bearing, plunge and dihedral 
angle for each of the potentially adverse wedges. 

Table 10 provides the calculated factors of safety for the 
two potentially adverse wedges identified in Structural Domain 5. 
The driving forces for slope failure along these wedges are the 
combination of the thrust from the gravitational force for the rock 
above the worst-case wedge passing through the toe of the slopes 
plus the maximum credible earthquake acting on the masses. The 
adverse wedge that bears S21°W is a potential hazard to Critical 
Slope 10 on Figure 3. The adverse wedge that bears N75°E is a 
potential hazard to Critical Slope 12 on Figure 3. The addition of 
the earthquake driving force decreases the factors of safety, but 
not significantly. 

Table 11 provides the calculated factors of safety for the 
potentially adverse wedge identified in Structural Domain 2. The 
driving forces for slope failure along this wedge are the 
combination of the thrust from the gravitational force for the rock 
above the worst-case wedge passing through the toe of the slope 
plus the maximum credible earthquake acting on the masses. The 
adverse wedge bears S36°W is a potential hazard to Critical Slope 4 
on Figure 3. Again, the addition of the earthquake driving force 
decreases the factors of safety, but not significantly. 
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Table 7. Potentially hazardous wedge intersections at Ultimate Pit 
Boundary along GQ-2NW Pit (Knight Property), Domain 5 (Detail Lines 
E + F), Middle Pyroclastic Unit. 


Joints Joint Orientations in Order Dihedral Bearing Plunge 


Involved 

Strike 

Dip 

Strike 

Dip 

Angle 



B - D 

N50°W 

37°SW 

N17°E 

83°NW 

109° 

S21°W 

36' 

G - H 

N82°W 

73°NE 

N13°W 

51°NE 

116° 

N75°E 

50' 


Table 8. Potentially hazardous wedge intersection inside Ultimate 
Pit Boundary, Domain 2 along GQ-5A Pit ; Detail Line A; Aphanitic 
Rhyolite. 


Joints Joint Orientations in Order 
Involved Strike Dip Strike Dip 


Dihedral Bearing Plunge 
Angle 


A - B 


N80°W 38°SW N03°E 53°NW 


123° 


S36°W 36° 


Table 9. Potentially hazardous wedge intersection inside Ultimate 
Pit Boundary, Domain 12 in area of GQ-1 Pit (Queen Ester) and GQ-1B 
Pit (Independent); Detail Lines E + F; Middle Pyroclastic Unit. 


Joints Joint Orientations in Order 
Involved Strike Dip Strike Dip 


Dihedral Bearing Plunge 
Angle 


G - H 


N82°W 73°NE N13°W 51°NE 


116° 


N75°E 50° 
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Table 10. Factors of safety for potentially hazardous wedge 
intersections, Domain 5 (Detail Lines E + F), for Ultimate Pit 
Boundary at GQ-2NW Pit (Knight Property) under maximum credible 
earthquake loading. 

Wedge G - H FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 240 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 


Slope Confidence Level Confidence Level 

Angle (») 80% 98% 99.9% 80% 98% 99.9% 

63.4 5.01 4.92 4.92 9.03 8.94 8.94 

55 11.33 11.25 11.25 21.05 21.05 21.05 

Saturated 1-Dimensional Intact 2-Dimensional Intact 

Slope 

Slope Confidence Level Confidence Level 

Angle (°) 80% 98% 99.9% 80% 98% 99.9% 

63.4 4.78 4.72 7.72 8.78 8.73 8.73 

55 11.10 11.04 11.04 20.81 20.75 20.75 


Wedge B - D FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 220 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 


Slope 

Confidence 

Level 

Confidence 

Level 

Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

6.68 

6.43 

6.42 

11.56 

11.33 

11.32 

55 

8.28 

8.03 

8.02 

14.58 

14.36 

14.35 


Saturated 1-Dimensional Intact 2-Dimensional Intact 

Slope 


Slope 

Confidence 

Level 

Confidence 

Level 

Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

6.02 

5.91 

5.90 

10.88 

10.77 

10.77 

55 

7.63 

7.51 

7.51 

13.91 

13.80 

13.80 
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Table 11. Factors of safety for potentially hazardous wedge 
intersections, Domain 2 (Detail Line A), for Ultimate Pit Boundary 
at GQ-5A Pit, under maximum credible earthquake loading. 

Wedge A - B FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 550 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

2.32 

2.21 

2.21 

3.43 

3.34 

3.34 

55 

2.66 

2.56 

2.56 

4.05 

3.96 

3.96 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 


Slope 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.71 

1.66 

1.66 

2.73 

2.68 

2.68 

55 

2.06 

2.01 

2.01 

3.34 

3.30 

3.30 
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Table 12 provides the calculated factors of safety for the 
potentially adverse wedge identified in Structural Domain 12. The 
driving forces for slope failure along this wedge are the 
combination of the thrust from the gravitational force for the rock 
above the worst-case wedge passing through the toe of the slope 
plus the maximum credible earthquake acting on that mass. The 
adverse wedge bears N75°E is a potential hazard to Critical Slope 2 
on Figure 3. Again, the addition of the earthquake driving force 
decreases the factors of safety, but not significantly. 

The decrease in the wedge shear factors of safety resulting 
from the application of the maximum credible site acceleration of 
0.055 g does not indicate instability for any of the critical 
pitwalls potentially at risk for sliding along the wedge formed be 
intersecting daylighted fracture sets. This is true, regardless of 
the hydraulic pore pressure that could possibly develop in any of 
the pitwalls. It is, however, unlikely that significant pore 
pressure will be present or will develop in the pitwalls. 
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Table 12. Factors of safety for potentially hazardous wedge 
intersection on northeast facing pitwall, Domain 12 (Detail Lines E 
+ F), for a highwall inside the Ultimate Pit Boundary at GQ-1 
(Queen Ester) and GQ-1B (Independent) Pits, under maximum credible 
earthquake loading. 


Wedge G - H FACTORS OF SAFETY 

Middle Pyroclastic Unit, overall slope height - 850 ft. 

Dry Slope 1-Dimensional Intact 2-Dimensional Intact 


Slope Confidence Level Confidence Level 


Angle (°) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.84 

1.75 

1.74 

2.99 

2.91 

2.90 

55 

3.63 

3.54 

3.54 

6.40 

6.32 

6.32 

Saturated 

1-Dimensional 

Intact 

2-Dimensional 

Intact 

Slope 







Slope 

Confidence Level 

Confidence Level 

Angle ( u ) 

80% 

98% 

99.9% 

80% 

98% 

99.9% 

63.4 

1.60 

1.55 

1.55 

2.74 

2.69 

2.69 

55 

3.40 

3.34 

3.34 

6.16 

6.11 

6.11 
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SUMMARY AMD CONCLUSIONS 

The 55° overall highwall slope angles planned for the Soledad 
Mountain Project will not be at risk of failing under the 
additional forces from the maximum credible site acceleration of 
0.055 g. This is true for both the highwalls along the Ultimate 
Pit Boundary and the pitwalls within the interconnected pits inside 
the Ultimate Pit Boundary. In fact, pitwall slope angles of 63.4° 
(two vertical to one horizontal) could resist the additional 
down-dip thrust from the maximum credible earthquake without 
triggering a slope failure. 

The earthquake slope stability analyses conservatively assumed 
not only the maximum credible earthquake but that the acceleration 
from that event was directed in the most adverse possible 
direction, parallel to the potential sliding surfaces. This 
conservative application of the maximum credible earthquake 
acceleration resulted in relatively minor reductions in the 
calculated factors of safety obtained previously with only the 
gravitational driving forces, presented in the "Soledad Mountain 
Project, Slope Stability Analysis", November 8, 1995 report. 
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1.0 INTRODUCTION 

This plan presents reclamation details for the Soledad Mountain Project, a proposed gold 
mine on Soledad Mountain in Kern County, California. The project is operated by Golden 
Queen Mining Company, Inc. (GQMC). The plan is in compliance with Kern County 
requirements (FORM A175.PDS, 8/93) and the California Surface Mining and Reclamation 
Act of 1975 (SMARA), as amended. It will also address specific site-related reclamation 
concerns expressed by the Bureau of Land Management (BLM) and Kern County Planning 
Department during the scoping process. This is an individual document prepared 
specifically for the Soledad Mountain Project as proposed in the EIS/EIR. Reclamation 
standards are now required by SMARA 1975 (1993 Statues, and promulgated as DMG 
Note 26, Revised January 1994, and amended February 1994). This plan meets the 
California Code of Regulations, Article 9, Reclamation Standards. 

The techniques were prepared to comply with the requirements of the California Regional 
Water Quality Control Board. This reclamation plan focuses on the procedures involved 
in establishing a productive ecosystem through revegetation and wildlife habitat develop¬ 
ment, and achieving visual compatibility with the surrounding landscape. Visual impacts 
will be mitigated by breaking up straight lines and establishing vegetation and habitats. 
This is a working document and a practical approach to reclamation in this area of the 
Mojave Desert with low, unpredictable rainfall. The recommended methods and criteria 
form the basis for construction and operational procedures for reclamation enhancement 
at the mine closure. 

The Site Grading Plan will include the on-site roads, crushing site, process plant site, 
maintenance site, office site, overburden material piles and site drainage. Portions of the 
crushing, process, maintenance and office site will involve engineered fill. These areas 
are part of the detailed project design engineering which is currently in progress and will 
be available at a later date to supplement the information presented in this document. 
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Bamberg Associates has recently conducted revegetation testing programs at additional 
desert mining locations in California, forming the basis for several procedures proposed 
here. The natural revegetation that has already occurred on previously disturbed portions 
of the Soledad project site also served as a basis for determining the plant species and 
topographic features necessary for successful reclamation. The testing programs and 
observations of this natural revegetation have been used also as a basis for reclamation 
techniques, seed sources and plant species selection, and topographic modification. 
Techniques and alternatives for reclamation of altered terrain left after mining and ore 
processing are also discussed in this plan. 

The Reclamation Plan is intended to address pertinent issues relating to successful 
reclamation implementation by GQMC at the Soledad Mountain Project. This report 
provides coordination procedures for the final decommissioning process at mine closure. 

Two bonds are required, one for reclamation held by Kern County, and the other for 
Closure and Post-Closure maintenance that is intended to cover the cost of the physical 
closure and decommissioning procedures held by the Lahontan RWQCB. The bond for 
reclamation will be held by Kern County under SMARA, and relates to the interim 
reclamation as revegetation testing for this mine site, and reclamation costs for the mining 
project. The costs for reclamation for the proposed project are estimated in Section 8.0 
of this plan. 

The cost estimate for closure and post closure maintenance will be contained in the report 
of waste discharge document. 
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2.0 PROJECT OVERVIEW 

The Soledad Mountain Project is located in Kern County, California, on the western edge 
of the Mojave Desert. The project involves open-pit mining of gold-bearing ore, 
development of overburden piles, and beneficiation by heap leaching processes. The 
components of the Soledad project are shown in Figure 2.1. 

Of the total project area of 1228 acres, the total disturbance acreage for the Soledad 
Mountain Project is estimated to be approximately 935 acres. See Table 2.1 for a 
breakdown of disturbance acreage by project component. Not all of the permitted land is 
projected to be disturbed, and not all disturbed land will be revegetated. The proposed 
acres to be revegetated are estimated at 415 acres, and are less than the disturbed 
acreage due to steep slopes in the open pits and overburden piles. 

Approximately 208 acres of the project area have been previously disturbed as a result of 
the historic mining, milling, and exploration activities (see Figure 2.2). Therefore, of the 
935 acres total disturbance, the new disturbance includes approximately 727 acres. Any 
previously disturbed land outside the project area and within the property boundary will be 
reclaimed where it is feasible to do so. 

Due to the harsh desert conditions on the site, normal reclamation and revegetation 
methods utilized in more temperate climates will not succeed. Recent revegetation testing 
programs more appropriate for this desert climate were designed to test techniques for 
reclamation in the California Deserts. Results of these testing programs are described in 
Appendix A. 
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TABLE 2.1 PROJECT COMPONENT ACREAGES 


PROJECT COMPONENT 
AREA 


ACRES-DISTURBED 


ACRES -RECLAIMED 


Heap leach 

149 

145 

Overburden pile 



East 

76 

32 

South 

236 

106 

West 

69 

34 

Facilities 

26 

23 

Open pit 

340 

44 

Growth media stockpiles 

18 

18 

Roads 

21 

13 

TOTALS 

935 

415 




































3.0 SITE CHARACTERISTICS 

The Soledad Project is located on Soledad Mountain approximately five miles southwest 
of Mojave, California. This is 70 miles northeast of Los Angeles on the western edge of 
the Mojave Desert. Soledad Mountain is an isolated, roughly circular volcanic peak 
approximately three miles in diameter. The mountain rises out of the alluvial flats in 
northwestern Antelope Valley southeast of the Tehachapi Mountains. Elevations on the 
mountain range from 2800 feet at the base to 4190 feet at the highest peak. The slopes 
are steep with rock outcrops. Residual weathered rock and soil lie below the outcrops. 
Alluvial slopes and flats surround the mountain on all sides except for the northeast where 
there are low hills and ridges with a former operating gold mine. 

The climate is typical for the Mojave Desert with hot, dry summers and cool winters. 
Temperatures range from 70 to 105 degrees Fahrenheit in the summer and 27 to 60 
degrees in the winter. The average precipitation is approximately five inches per year with 
the majority of the rainfall occurring in the winter months from frontal storms. With 
increasing elevations on Soledad Mountain, the temperatures are cooler and rainfall and 
snow increases. 

The desert climate and dry substrate conditions influence the soil and biological resources. 
Soils are generally skeletal rocky or pebbly loams on the slopes, and sandy loams on the 
alluvial fans and flats. Soils consist of weathered residual substrates on the mountain 
grading into undifferentiated alluvium around the base of the mountain. The mountain is 
characterized by rock outcrops and rocky soils with predominantly desert shrub-grass 
species that have been altered by frequent burning, grazing by sheep, recreation, and 
mine related disturbance. The vegetation is a creosote/burrobush type on the flats and 
alluvial slopes below and surrounding the mountain. Vegetation on the mountain slopes 
consists of an altered shrub/grass. Wildlife is fairly diverse, however, populations are low 
and activity is seasonal. 
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Previous disturbance on the mountain is from historic mining activities, previous and more 
recent exploration and burning, and increased human activity. Groups of people use the 
area for recreational vehicle activities and target practice for firearms. The two activities 
which have had the most influence on biological and soil resources are the mining/explor¬ 
ation and the repeated fires which have highly altered the vegetation. 
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4.0 RECLAMATION APPROACH 

The basis for the revegetation approach and techniques presented in this plan is from 
observations of natural revegetation occurring near the Soledad site, as well as from the 
ongoing revegetation testing programs at other mines as presented in Appendix A. 

4.1 Reclamation techniques 

The results from the testing programs has confirmed that revegetation of disturbed mine 
sites in this area can be successful. The revegetation programs utilized the following 
techniques: 

1) Microtopographic control of surface runoff into moisture catchment basins. 

2) Transplanting and seeding the basins using locally collected plants, seeds, and 
stripped soils. 

3) Establishing "garden spots" as source of plant material for continued revegetation. 

The success of the testing programs depended on years with abundant and appropriately 
spaced rainfall. Full scale implementation of the reclamation program is presently 
beginning at several mining sites. These testing results and start up of implementation are 
the basis for the following components utilized in this Soledad plan: 

1) The Soledad site will be revegetated by establishing surface drainage control and 
small catchment basins capable of sustaining vegetation without artificial irrigation. 

2) Seeds will be collected from nearby areas for revegetation. 

3) A reclamation standard for vegetation parameters on the reclaimed surfaces will 
be established by appropriate sampling of adjacent vegetation types and habitats. 
The goal is a productive self-sustaining ecosystem given the conditions on the 
reclaimed site. 

4) Wildlife habitat and open space will, once again, be the primary land use objective. 
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Previously disturbed areas outside the project component boundaries will not be 
reclaimed. Approximately 415 acres (44%) of the areas to be disturbed during the current 
proposed mining can be reclaimed (refer to Table 2.1). Portions of the project site will not 
benefit from a revegetation effort due to the steep slopes, poor topographic conditions, and 
harsh, desert climate with poor soil substrate conditions. 

The reclamation approach and concepts are based on five components. These 
components are a direct result of the revegetation testing program (Appendix A) and 
consist of: 

1. Establishing stable surface and drainage conditions that are compatible with the 
surrounding landscape. This will be accomplished during operations by material 
placement and grading, as well as after closure by final fine grading and contouring 
(see Section 6.1). 

2. Where possible, create surface and substrate conditions conducive to seed 
germination, natural regeneration, and native plant establishment without irrigation 
using moisture enhancement catchment basins. The soil surface will be altered 
through grading and the selective application of seed or appropriate soil material that 
will act as a seed source (see Section 6.2 and 6.3). 

3. Collect and use seed from native plant species obtained from local and onsite sources, 
and transplant with locally adapted plant species into specially prepared spots. These 
"garden" spots will act as loci for continued natural revegetation on the entire reclaimed 
site, including side slopes, berms, and pits (see Section 6.4 and 6.5). 

4. Leave occasional slopes, particularly in the overburden pile areas and remnant pit 
slopes, as talus-like slopes to resemble the surrounding rocky hillsides. The horizontal 
surfaces of the overburden piles may be recontoured for erosion and drainage control, 
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as well as for revegetation and visual compatibility. Partial revegetation will occur 
through natural plant establishment from revegetated spots, as has been observed 
during the testing program (see Sections 7.1 and 7.2). 

5. Consider public safety through the stabilization of spent ore heap slopes and removal 
and/or fencing of structures or landforms that could constitute a public hazard (see 
Section 7.3 and 7.4). 

Surface stabilization must be obtained through contouring and drainage control as 
opposed to revegetation due to the desert climatic conditions. Vegetation cannot be 
established at a density that would generate slope stability through root mass and 
penetration. Revegetation is desirable from the standpoints of vegetation productivity, 
aesthetics, and wildlife habitat. Stability on natural, undisturbed slopes is provided by 
landform rather than vegetation, therefore, the basis for site reclamation initially lies with 
the physical manipulation of on-site topography for stabilization, and then with 
revegetation for aesthetics and wildlife habitat. 

Post reclamation procedures are designed to use precipitation with surface runoff water 
management. This minimal-irrigating approach to vegetation establishment is warranted 
in this desert climate due to the poor quality of water, necessity of avoiding irrigation- 
dependent plants, and the lack of significant success with other irrigation studies in these 
isolated desert habitats. Chances increase for long term successful revegetation if plants 
germinate naturally and survive without artificial watering. 

4.2 Reclamation Results and Standards 

The bonding periods for the reclamation are proposed in two phases. The first phase is 
during the reclamation activities of physical preparation of the surfaces and seeding. The 
second phase is after a period of vegetation establishment, and final bond release will be 
based on revegetation standards. 
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For phase one the reclamation activities include: (1) rough grading for drainage control, 
erosion control, and surface stability, (2) fine contouring for surface configuration and 
water catchment basins, and (3) seeding and vegetation establishment. The reclamation 
activities that will be performed, including rough and fine grading, will need to be field 
determined at the time of closure. A detailed plan will be prepared based on the final 
surface configuration when the mine is closed. GQMC will commit to providing this final 
plan and costing. After satisfactory completion of these activities, the bond for this phase 
one will be released. 

The second phase of reclamation bonding involves revegetation success standards 
determined during a monitoring period. The vegetative cover (the plant cover standard) 
is dependent on subsequent climatic conditions, particularly the ensuing rainfall amounts 
and patterns. The revegetation success will be dependent on the results of seed 
germination, and plant growth and establishment. These standards proposed are a 
percentage of the vegetation parameters based on corresponding adjacent vegetation 
types, or on vegetation that has been successful on disturbed land in revegetation testing. 

The vegetation standards will be determined using a sampling protocol that has been 
developed for sampling vegetation and topographic variables on reclaimed lands. The 
topography and soils on the reclaimed site will be complex and disturbed, and the 
vegetation established will be in a successional status. The vegetation will not be uniform, 
and composed partly of seeded species, but also hardy and pioneer species that may 
differ from natural vegetation. Soledad Mountain has habitats and vegetation that have 
been mined, burned, and grazed in the past, and is not a pristine area. The vegetation 
that has established on historic mining was observed to differ from the relatively natural 
vegetation in species composition and cover. 
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The existing vegetation cover will be determined using a linear transect monitoring 
method. This specific type of sampling for determining the relationship of vegetation 
patterns to soils and topography will be conducted on relatively undisturbed areas in the 
vicinity of the mine site. The purpose of this sampling is to determine the vegetative cover, 
densities, and patterns of vegetation in this specific region of California as a guide to 
conditions to be expected on the reclaimed site. 


The method proposed uses linear coupled transects (see also Appendix A). These are 
linear plots (typically 2x10 meters in size, or longer in the desert) laid end to end and 
oriented parallel to or across environmental gradients. A 30 meter steel tape will be 
stretched between markers, and variables recorded for each 10 meter plot. Vegetative, 
topographic, erosional, and soil parameters will be recorded in each plot. The transects 
will be analyzed for the cover, dominant species, type of vegetation, and amounts of bare 
areas as they relate to topography, soils, and erosional features. Previous vegetation 
sampling on Soledad Mountain has measured perennial vegetation cover from 0 to about 
40% in years of low precipitation and up to 80% cover in years of abundant moisture, This 
cover is highly dependent on seasonal rainfall, and the 80% cover is a maximum following 
three years of abundant rainfall. 


At the time of sampling for bond release! concurrent and comparable monitoring will be 
conducted in the same year on undisturbed sites on the mountain and in the reclaimed 
areas. The linear transects will be run from located points on the mountain. The general 
areas to be surveyed will be the slopes or flats on portions of Soledad Mountain that will 
not be disturbed by mining. Similar linear transects will be measured on the reclaimed site 
using an analogous systematic random location method. Approximately the same number 
of plots will be sampled on the reclaimed sites and on the adjacent areas. 


The biotic variables in the transects to be estimated or measured for vegetation are 
percent cover by species, and numbers of shrubs and perennials by species. The abiotic 
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and topographic features recorded will be slope and aspect; surface features will be types 
of substrate and percentage rock; and erosion features of depths and width of drainages. 
The number of samples will depend on the heterogeneity of the linear plots being 
surveyed. Sample adequacy for the number of factors being measured are generally 
computed based on statistical validity. The results of the transects will be analyzed for: 
(1) the vegetative parameters of percentage cover, density, and diversity; (2) the 
percentage and types of topographic slopes; (3) the percentage and types of soil; and (4) 
types and amounts of erosional features. The parameters will be developed using 
statistical means and standard deviations. 

The results of the analysis will then be applied as a standard on the reclaimed areas at the 
proposed mine site. It is proposed that the standard for the reclaimed surfaces be set at 
35% of the vegetative cover (amount of surface covered by plant canopies), 20% of the 
density (number of perennial plants per unit area), and 15% of diversity (number of 
different species in a sample area). These standards will be compared to similar adjacent 
vegetation measured in comparable Soledad Mountain areas either in undisturbed 
vegetation, or as compared to a reclaim vegetation standard. These standards may 
change as a result of current and future monitoring. The results of the field sampling 
procedures will be documented prior to completing the final reclamation at Soledad, and 
can be repeated during the monitoring phase. It is recommended that the monitoring and 
bond period for revegetation be set at a maximum of 5 years, or less if adequate rains 
occur and plant germination and growth equal the standards. 
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5.0 RECLAMATION SCHEDULING 

The schedule for revegetation plots, interim and final reclamation will depend on the 
construction, operation, and closure of the mining facilities. This schedule will be 
developed after detailed engineering and operational plans are finalized, but will be 
periodically reviewed as mining progresses. Interim reclamation plots or areas can be 
established after several years into a project when disturbed surfaces are available that 
will not be further disturbed or otherwise used. Interim reclamation is feasible if the mining 
is phased. Monitoring will be conducted on the reclamation plots and final reclamation 
areas during the appropriate seasons (generally twice a year during the first two years, 
and annually thereafter). Maintenance activities for test plots during mining and reclaimed 
areas after closure will also depend on current activities and the effects of weather 
patterns. 
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6.0 GENERAL RECLAMATION PROCEDURES 

This section will first describe the general and specific procedures recommended for 
reclamation at the Soledad project, then will describe how these procedures will be 
implemented in Section 7.0. The purpose of the reclamation planning and test plots is to 
establish the most practical methods for natural revegetation and seeding with minimal use 
of equipment and materials given the conditions on the project site. 

The goal of this reclamation program is to return the disturbed area of the mine site to a 
stable, self-sufficient ecosystem. For this reason, irrigation is not recommended because 
of the dry desert climate. Plants grown under irrigation practices will not survive when the 
irrigation is discontinued. This non-irrigating vegetation establishment is also warranted 
in this desert climate because of the poor quality of water and lack of long-term success 
at other, climatically similar, mine sites. In addition, locally collected and native plant 
species seeds will be sown. If native and adapted plants germinate in a specific site and 
survive, there is a significantly better chance for long term successful revegetation at that 
site. The procedures that will be set up at the areas to be reclaimed are: (1) set up and 
grade the area surface configuration for drainages and water collection, (2) collect local 
seed in the vicinity of the proposed mine, and (3) seed the plots. 

6.1 Grading the Areas 

The initial rough grading will blend edges of overburden piles and reduce the grade of the 
leach heap pads before final grading for catchment basins. Potential drainage and erosion 
processes will be important considerations in the design for shape and size of the basins. 

Previous experience has shown that basins of about 4000 to 5000 square feet in this 
desert climate provide sufficient moisture collection to support garden spots of about 400 
square feet. Garden spots are the lowest area in the basin were water saturates the soil, 
and this is the area where seeds will be sown and initial plant growth will be encouraged. 
The shape of the catchment basin can vary from crescents on slopes to coupled double- 
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ended ovals on flatter tops of mined rock piles. The mine overburden piles have surface 
and subsoil conditions similar to surfaces that will be encountered on the other disturbed 
areas such as roads, facilities, and leach heaps. These will be compacted surfaces of 
mixed rock substrates with varying amount of actual soil or highly weathered materials 
other than coarse alluvium. 

6.2 Surface Preparation 

Most of the surfaces of the fine graded water catchment basins will be left in a rough 
condition. Compacted surfaces may be loosened by ripping. This will enhance seed 
catchment and water retention and also prevent erosion channels from forming during the 
subsequent storm events and runoff. 

A seeding or transplant plot will be established in the lowest point of the catchment basin 
or in depressions where water will collect in chiseled compacted ground or rough graded 
rock overburden piles. These plots can be of any shape, but should be about 100 to 400 
square feet in size. These plots can be constructed either by dozing or by digging a 
depression with a front end loader and piling the excavated material as a low ridge to the 
west (up wind) side of the depression. The low ridge acts as a wind barrier to the 
prevailing strong north and west winds. The seed mixture or transplant material is placed 
in the depression immediately after basin and plot construction when the soil surface is 
loose and seeds will lodge. 

Other surface preparation procedures that will potentially be used are: (1) deep chiseling 
of large compacted surfaces such as haul roads or heavily traveled routes, bone yards, 
and former shop and facilities areas, and (2) dozing of mounds, berms of haul roads, and 
any dumped material other than mine overburden rock. Grading and contouring along the 
minor washes will slow and redirect runoff to enhance plant survival. This surface water 
management will consist of construction of berms above catchment basins. 
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6.3 Soil Salvage, Placement and Amendments 

The soils and surface material on Soledad Mountain were evaluated as a plant growth 
medium and source of seed. Soledad Mountain was formed as a result of volcanic activity 
and, therefore, the parent material and soils are of volcanic origin. The principal rock 
substrates are of three general types: 

1) two kinds of rhyolites (flow and intruded) 

2) pyroclastic debris, tuffs, and breccias 

3) quartz alunites and latites 

The soils formed from these substrates vary from weathered rock outcrop to deeper 
droughty skeletal soil with a clay loam to sandy loam texture. Soil development has been 
slow and profile development incomplete or non-existent. The soil surfaces are fairly 
stable, however, in some places they are old and weathered. Although the slopes on the 
Soledad Mountain are steep, there is little evidence of slope or soil instability in the form 
of slides, soil creep or solifluction lobes. The reasons for this are unknown, however is 
most likely related to the weathering of these soils producing a clay content that binds soil 
and rock particles into a stable mass. In this dry climate, the soil does not become 
saturated enough to move on the bedrock which is rough and without bedding planes. 

Based on experience at other revegetation testing areas, it is likely that large portions of 
the reclaimed surface will consist of uncovered mined rock material which weathers into 
soil substrates containing fines. During final reclamation, pockets in which plants can 
become established will be interspersed at varying intervals within the contoured basins. 
In addition, scattered vegetation will become established within a short time depending on 
local climatic conditions (rainfall events), softening the visual disparity with surrounding 
areas. Although mined rock overburden material may not, in the foreseeable future, 
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support the same type of vegetation which currently exists on upland slopes, it is 
anticipated that these areas will probably support a greater vegetative cover than do the 
rock outcrop and adjacent alluvial fans that currently occupy large portions of the site. 

Recent testing of revegetation on salvaged desert soils indicate that the salvaged and 
stockpiled soils are not a better growth medium than the prepared surfaces of overburden 
piles and heap leach materials. The weathered desert soils are generally poor and lack 
sufficient nutrients to support revegetation when used as a plant growth medium. The 
overburden and leach materials are a good source of nutrients, and have appropriate 
textures for desert plants. 

The availability of suitable soil material is limited due to past mining on Soledad Mountain 
and the large amounts of rock rubble and outcrop. The lack of soil material will not 
negatively impact the primary goal of reclamation, which is surface and subsurface 
stabilization, subsequent revegetation, and the re-establishment of a stable area capable 
of productive land uses (vegetation and wildlife habitat) after the completion of operations. 
Generally topsoil is nonexistent on the lower slopes and alluvial fans in the project area 
due to poor soil development. However soil materials up to 0.5 feet in depth can be 
selected and salvaged from the leach pad area and lower portions of the overburden piles 
areas, where suitable, as sources of seed. This salvaged material is referred to as growth 
media. Growth media with suitable texture will be used in localized areas as a source of 
seed. The growth media will be extracted from areas within the project site prior to 
disturbance by mining or operations. 

The availability and amounts of growth media of suitable substrate material are estimated 
based on the areas to be disturbed and percentage of previously disturbed soils. It is 
estimated that 61,500 cubic yards of suitable growth media can be salvaged from the leach 
pad and flatter portions of the overburden pile areas. This material will be used during 
final reclamation by spreading in selected areas to a depth of 2 inches. This plant growth 
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media will be spread as a thin layer using a front end loader, after the soil is transported 
from the stockpiles to the area to be spread using haul trucks. As summarized in Table 
2.1, more than enough growth media is available in the estimate of 61,500 cubic yards. 

In general, soil amendments have not proved to be necessary or effective in this desert 
climate in promoting or enhancing plant growth. The revegetation test program included 
testing soil amendments of fertilizer, a soil conditioner, water retention crystals, and an 
organic mulch. The results of adding soil amendments have either been neutral or 
inconclusive to date in the testing program due to the extreme and variable growing 
conditions during the past several seasons. Based on the results to date, using soil 
amendments are not recommended. The use of soil amendments is costly and time 
consuming, and does not enhance vegetation growth and productivity. It is estimated that 
most plots, up to 90%, will have good germination and plant growth using moisture 
catchment and plot establishment techniques alone, provided a good seed source is used 
and rains occur. These techniques should be adequate for most revegetation purposes 
without additional soil amendments. 

The lowest area within each catchment will be formed into garden spots of about 400 
square feet by roughing the surface if compacted by equipment passes. Salvaged soils 
will be placed first in these spots, and then distributed over other areas, as available. 
These garden spots will be more heavily seeded to provide an area for quick seed 
germination and plant growth. These spots can then act as centers for seed production 
and dispersal in subsequent years. They can also be used as locations for transplanted 
plant specimens to ensure good survival and growth after replanting. 

6.4 Collecting Seed Sources 

In general, locally adapted seeds are available from two sources: these are; (1) seeds in 
surface soils salvaged during construction of heap leach and portions of the overburden 
piles, and (2) seeds hand collected from plants and soils on and in the vicinity of the mine. 
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Seeds in surface soils have been observed in surface plant debris and organic matter 
under shrubs and in wind-rowed furrows in undisturbed vegetation around the base of the 
mountain. Suitable locations that have abundant, viable appearing, seeds of several plant 
species that grow in relatively undisturbed vegetation will be determined by inspection. 

This source of locally collected seed in surface soils typically will contain viable seeds from 
up to 25 species of native perennial shrubs, perennial forbs, and annuals. This 
information is based on previous tests in similar desert conditions. In addition, long-lived 
seeds of a variety of annual plants were also noted to germinate after sowing under 
favorable rain and temperature conditions during subsequent growing seasons. There are 
very few weeds or undesirable seeds in the collections, provided the seed is collected from 
soils in undisturbed native vegetation. 

Seeds can be collected from plants into bags and from underneath shrubs using hand 
implements such as shovels, trowels, or simply hand scooping the surface materials (no 
more than the top one-half inch) containing the seeds and placing in large paper bags. 
The collected material may at times contain a large percentage of plant litter and organic 
matter mixed with the seed. However, a large volume of this seed containing material can 
be quickly collected offsetting the low percentage of viable seed. A sufficient volume of 
seed materials can be collected in a short period of time to sow the areas needing 
revegetation. In 1995, approximately 55 bushels of seeds containing enough seed to sow 
an estimated 780 acres were collected at a nearby mine in the Mojave Desert. 

This method of seed collection by hand does not unduly disturb the native vegetation 
community since the seeds are not collected all in one place, nor from a single surface. 
This method of seed collection can be used to build up a sufficient reservoir of seeds 
during those favorable years with good set and production. Most of the seed will remain 
viable during the short period of time that the seed is stored, generally from a few days up 
to several years. Seeds of some desert plants are known to remain viable for long periods 
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of time (decades) under favorable conditions. It is not necessary that all seeds of all plants 
species survive in order to establish good germination, vegetative growth, and productivity 
during reclamation. 

6.5 Sowing Seed 

The seeds will be immediately sown or growth media applied (the same day or within a few 
days) onto the roughened soil surfaces prepared for revegetation. The garden spots will 
be sown first at a heavier rate than the rest of the prepared catchment basins. Depending 
on the amount (volume) of seed collected, other portions of the basins will be lightly sown 
with seed or spread with growth media. 

Seed will be hand broadcast or will be applied using hand held spreaders. The rate of 
sowing will be adjusted, by volume, depending on the visible seeds present. Generally, 
about one/half cup of seed containing material per catchment basin was sufficient in past 
trials using this method. As mentioned earlier, seed will be sown immediately following the 
fine grading of the basins while the soil surface is loose. Plant growth media will be 
spread to an average depth of 2 inches on most areas. Subsequent rains and weathering 
processes cover the seed and prevent washing and blowing. 



7.0 RECLAMATION IMPLEMENTATION 

The open pit and associated mining activities at the Golden Queen Project will result in 
four main areas of disturbance: (1) overburden pile areas, (2) mining open pit(s), (3) spent 
ore heap, and (4) facilities and access and haul roads. The open pit will receive a 
minimum of reclamation, as will the sides of the overburden piles. The following sections 
outline specific reclamation considerations for each of these disturbance areas at the 
project site. 

For the purposes of this document, closure is defined as "the activities necessary to 
eliminate any groundwater hazards (heap rinsing and detoxification, plant 
decommissioning, pond removal, etc.)" and reclamation is defined as "the physical 
activities (heap recontouring, plant/facility removal, access road recontouring, site 
revegetation, etc.) necessary to rehabilitate the site (see Appendix A). A closure and 
post-closure plan will be developed that describes the physical aspects of closure 
implementation. This document details reclamation and revegetation plans. As previously 
mentioned, due to the harsh nature of the desert environment and unsuitable substrates, 
only areas suitable for revegetation will be attempted (See map of areas in Figure 1). 
Many areas (steep slopes, south facing slopes, rock outcrops etc.) are not conducive to 
revegetation. Therefore, not all of the areas listed as "disturbed" will be revegetated. 

7.1 Overburden Piles 

The overburden piles will have surfaces and subsoil conditions similar to mine pits, roads, 
facilities, and leach heaps. These will be surfaces of mixed rock substrates with little 
developed soils or highly weathered materials other than coarse alluvium. Revegetation 
testing on similar sites conducted to date showed that the top horizontal surface of the 
mined overburden rock piles has two types of surface conditions. The first is loose end 
dumped material with undulating surfaces that result from dumping mine overburden rock 
without dozing or grading. The second is hard packed surfaces left from haul truck traffic 
and dozing. Rough surfaces will be smoothed and configured into shallow basins 
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constructed with irregular outlines of about 4000 to 5000 square feet. After ripping the 
compacted hard surfaces in the flat portions, similar basins will be constructed with a dozer 
and grader. The configured surfaces will be sown with seed or spread with growth media. 
Recontouring of overburden pile side slopes is not proposed because such slopes are not 
conducive to revegetation in the harsh desert environment. 

7.2 Mining Open-Pit 

At the end of mining operations, in-pit diversions constructed during mining to divert 
surface runoff from the upstream catchment area will be breached. The natural drainage 
upstream of the pits will be reestablished so that runoff will enter the pits at the low point 
of the pit rims. Standing water may collect in the pits for wildlife habitat and plant growth. 
Blasting of pit slopes and high walls is not needed for reclamation. 

Flat benches remaining along pit walls after mining are rough surfaces providing for the 
anchoring of seed and soil materials available through natural processes. However, 
management and mine health and safety supervision recommend that these surfaces be 
left alone on pit wall faces due to safety considerations. These pit walls will be avoided 
during final reclamation. Surface material will be left in a loose, rough condition to aid in 
moisture retention, decrease wind erosion losses, and encourage establishment of 
seedlings in small surface crevices. In addition, it is expected that over time some natural 
encroachment of native species (i.e., creosote bush, burrobush, inciensio, cactus, and 
buckwheats) adapted to rock outcrop habitats already existing on Soledad Mountain will 
occur in isolated groupings. Areas along the perimeter of the pit will be fenced for safety. 
A portion of the pit haul road and flat service areas (estimated at 10% will be ripped and 
revegetated. 
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7.3 Spent Ore Heap 

The spent ore heap will be rough graded and contoured to reduce slopes and blend with 
surrounding topography. Graded surfaces will be formed into catchments basins and 
seeded. It is not anticipated that fertilizer or soil amendments will be needed. The goal 
of reclamation in the heap leach area will be the creation of contoured, naturally 
revegetated areas that blend unobtrusively into the gentle slopes surrounding the leach 
site. Heap detoxification and recontouring will be accomplished as described in the closure 
plan. 

Outslopes will be regraded after detoxification is complete. The liners will be pulled and 
covered. Outslopes will be graded to a final 2.5H:1V slope, so that the sharp contours of 
the heap will be appreciably softened and the graded material will extend outward far 
enough to obliterate the upslope perimeter berm that prevents surface water run on to the 
heap during active operations. Drainage on and around the heap will direct runoff for 
reclamation and revegetation enhancement. In addition to regrading the heap outslopes, 
the haul road ramps over the interceptor ditches will be removed. This will include the 
removal of any culverts required during operations and will allow the reestablishment of 
free-flowing drainage in this area. 

Stabilization of the post-closure heap landform will be achieved through the regrading and 
slope reduction discussed in preceding paragraphs. Given the final 2.5H:1V slope 
configuration, the spent ore of the heap will be stable. For the aesthetics of the project 
from visible points on nearby roads, some mounding of the top of the heap will be included 
during regrading activities. This will serve a dual purpose: (1) small scale reduction of 
visual contrast with surrounding landforms and (2) creation of microsite hollows and 
depressions for revegetation purposes. 
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After recontouring, microsite hollows and garden spots will be selectively formed on the 
top and slopes of the heap. Revegetation will then proceed in the manner described in 
Section 6.4 and 6.5. It is likely that seeding of the entire heap surface would be 
ineffective; rather, selective seeding will be in the garden spots, with some general 
seeding in depressions. The overall goal of revegetation on the heap, as well as on other 
project site disturbances, will be a productive vegetation cover for habitats and to allow a 
mature ecosystem to develop. 

7.4 Facilities, Access and Haul Roads 

The decommissioned and salvaged facilities sites such as offices, shops, laden, and 
boneyard sites will be ripped, contoured, and seeded as described in Section 6. After 
decisions have been made as to which roads will be abandoned and reclaimed, culverts 
will be removed and the roads will be graded for sloping and drainage reestablishment. 
Safety berms and ditches will be graded and filled to create contours that blend with the 
landscape. The compacted surfaces of the roads will be ripped, and water catchment 
basins established were possible. 

Revegetation will be by direct seeding and by covering portions of the surface with growth 
media as a seed source, as available. The haul road corridors will receive some natural 
reseeding from nearby undisturbed vegetation. Other roads on the property will be 
reclaimed in conjunction with the mine dumps and pit areas. 

At the completion of reclamation, fencing will be left around areas where beneficial for 
natural vegetation and/or in restricted areas to block access in order to minimize hazards 
to public safety. The remaining fencing will be removed to re-establish public access to 
the site. 
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8.0 FINANCIAL ASSURANCE 

To establish an acceptable bonding instrument for the BLM, Kern and the State, Golden 
Queen Mining Company will allocate funds to post an irrevocable letter of credit for an 
amount consistent with the reclamation cost estimate in this reclamation plan. An estimate 
of the cost of reclamation of the Soledad Mountain Project is provided in 8-1. A separate 
financial assurance to cover the neutralization of the pads would be posted with the 
CRWQCB-CRB to meet their separate bonding requirements. 

The following tables provide cost on an area by area basis for equipment costs for grading, 
contouring, and movement of materials. Revegetation costs include soil salvage and 
spreading, and seed collection and broadcasting. 



TABLE 8.1 RECLAMATION COST CALCULATION TABLES 


Roads (21 acres) 


Overburden piles 
(379 acres) 


%■ % TAIJLE i£l. CCSTS-FOR PHYSICAL RECLAMATION 


i.UN'IT i UNIT COST 


Grade Berms (600 cubic yards) 
DSN Bulldozer 1 


Contour and final grade (13 acres) 
14G Grader 2 


Growth media Application (2,260 
cubic yards) 

Terex 90C Front end Loader 3 

Haul truck 


Roughen Surface (if not seeded 
immediately) 

DSN Bulldozer** 



Broadcas 7 


Total Road Reclamation Cost 


Contour and rip (172 acres - top 

and benches only, estimated at 

approximately 50% of total) 

DSN Bulldozer 1 

Hour 

Growth media Application (28,200 

cubic yards) 

Terex 90C Frontend Loader 3 

Haul truck 

Hour 

Hour 

Roughen Surface (if not seeded 

immediately) 

DSN Bulldozer 5 

Hour 

Seed 8 

2.25 qrts/ 

acre 

Broadcast 7 

Acre 


Total Overburden Piles Reclamation Cost 
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............ 

■/'^bJITCOST \ 
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Leach Pad 

(149 acres) 

Contour Faces (22 acres) 

DSN Bulldozer 4 

Hour 

150 

28 

4,200.00 

Fine Grade (123 acres - top of pad 

only) 

D8N Bulldozer 9 

Hour 

150 

70 

10,500.00 


Growth media application (22,600 

cubic yards) 

Terex 90C Front end Loader 3 

Hou 

135 

128 

17,280.00 


Haul truck 

Hour 

135 

40 

5,400.00 ! 


Roughen Surface (if not seeded 

immediately) 

D8N Bulldozer 5 

Hour 

150 

25 

3,750.00 


Seed 8 

2.25 

quarts/ 

acre 

9.5 

335 

3,182.50 


Broadcast 7 (Dad face and top) 

Acre 

16 

149 

2.384.00 

Total Leach Pad Reclamation Cost 

^1 

Growth media 

Stockpiles sites 

Scarify 

14G Grader 10 

Hour 

125 

10 

1,250.00 

(18.0 acres) 

Roughen Surface (if not seeded 

immediately) 

D8N Bulldozer 5 

Hour 

150 

6 

1,200.00 


Seed 8 

2.25 qrts/ 

acre 

— 

40 

0.00 


Broadcast 7 

Acre 

16 

18 

288.00 

Total Soils Reclamation Cost 

2,738.00 
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' 1:! . ■■■ . 

'AREA' ■ 

i 

11 • 1 .. • • ., 

ACTIVITY: 

ililSIl 

UNIT COST 

=: :! 1|H ' i § 
iii». 

QUANTITY ; 

V TOTAL 

Plant site and Facilities 

(23 acres) 

Concrete 

Lump 

Sum 



5,000.00 

Liner 

Lump 

Sum 



5,000.00 

--- 

Contour and final grade 

D8N Bulldozer 1 

Hour 

150 

24 

3,600.00 

Growth media application (5,680 

cubic yards) 

Terex 90C Frontend 

Loader 3 

Haul truck 

Hour 

Hour 

135 

135 

40 

20 

5,400.00 

2,700.00 

Roughen Surface (if not seeded 

immediately) 

D8N Bulldozer 6 

Hour 

150 

4 

600.00 

Seed® 

2.25 qrts/ 

acre 

9.5 

47 

446.50 

Broadcast 7 

Acre 

16 

23 

368.00 

Total Plant 3ite Reclamation Cost 

23,082.50 

Open Pit 

Perimeter needing 

fencing = 6500' 

New Fencing 11 

Lineal 

Foot 

237 

8500 

20,145.00 

Berm and r oad grading (1500 

cubic yards) 

D8N Bulldozer 1 

Hour 

150 

30 

4,500.00 

Total Open Pit Reclamation Cost 

24,645.00 

Soledad Mine 

Mob/Demob 12 

Lump 

Sum 



5,000.00 

Total Mob/Demob Cost 

5.000.00 

Subtotal Reclamation Costs 


Contingency at 10 percent 

19.493.55 

Administration at 5 percent 


Total Reclamation Costs 

224.175.83 
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Reclamation Cost Calculation Table Endnotes: 


1. Dozer assumed to handle 185 cubic yards per hour. 

2. Total cost derived from reclamation testing work in California deserts. 

3. Front-end loader estimated to spread soil in catchment basins at 2 acres per hour. 

4. Utilization factors adjusted for travel times and dispersion of areas. 

5. Dozer estimated to roughen surface at 6 acres per hour. 

6. Density of seeding estimated based on revegetation testing at nearby mine at 2.25 
quarts per acre. Seed costs are $9.50/quart for local seed collected based on 
revegetation testing programs. 

7. Unit cost based on revegetation testing work at nearby mine. 

8. Assume dozer can regrade heap faces at rate of 1.5 acres per hour. 

9. Area of ripping applies only to top of pads. 

10. Ripping rate of 3 acre/hour derived from revegetation testing work at nearby mine. 

11. Unit cost derived from using metal mesh fencing, 4 feet high on steel posts placed 
at 10 feet O.C. (includes material, labor and O&P), referenced from "Means Heavy 
Construction Cost Data, 8th Annual Edition", 1994. 

12. Assumes only one (1) mobilization/demobilization exercise. 
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APPENDIX A 

RESULTS OF REVEGETATION TESTING PROGRAMS 
IN THE CALIFORNIA DESERTS 



A.1 Introduction 

Bamberg Associates has conducted revegetation testing programs at other mining sites 
in the California deserts starting in 1989 and continuing through 1995. These programs 
are current and monitoring is proceeding. Two of these mines are in the Sonoran Desert, 
and one is in the Mojave Desert near the current project. The results from these programs 
has confirmed that revegetation of disturbed mine sites in this area can be successful. 
The revegetation programs utilized the following techniques: 

1) Microtopographic control of surface runoff into moisture catchment basins. 

2) Transplanting and seeding the basins using locally collected plants, seeds, and 
stripped soils. 

3) Establishing "garden spots" as source of plant material for continued revegetation. 

The success of the above programs depended on years with abundant and appropriately 
spaced rainfall, such as the growing seasons of winter/spring in 1991/92, 1992/93, and 
spring of 1995. Full scale implementation of the reclamation program is presently 
beginning at several mining sites. 

A.2 Revegetation Testing on Other Mine Sites 

Bamberg Associates has conducted revegetation testing programs for the past five years 
(1989 through 1995) at several different sites in the Mojave and Sonoran Desert regions 
(Bamberg, et al, 1994; Bamberg and Hanne, 1995). These programs concentrated on the 
following aspects: 

1) an intensive local seed collection program, 

2) setting up seeding test plots in moisture catchment basins constructed on mine 
rock overburden piles and spent heap leach pads, 

3) transplanting plant specimens on mine rock overburden piles dumps and reclaimed 
roads, 
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4) planning for grading and revegetation testing on the leach heap, overburden piles 
and roads and facilities at the mine sites. 

Monitoring of the garden plots and transplants for revegetation success has been 
conducted at the beginning and end of each growing season (November/December and 
April/May). In general, the revegetation testing program and activities started in 1989/90 
were extremely successful during 1992, 1993, and 1995. The main reason for this success 
was the record rainfalls during these years that were appropriately spaced and fell at 
optimum times for plant germination and growth. The testing program was designed to 
take advantage of rain and runoff by forming catchment basins that retain moisture, and 
then seeding and transplanting those places where the moisture collects. The catchment 
basins were successful and collected sufficient moisture resulting in seed germination in 
the seeded plots, luxuriant plant growth, and survival of transplants. 

The seed collection program depended on adequate flowering and setting of seeds by the 
local vegetation, both abundant in 1992, and continued into 1993 and again in 1995 
through the spring growing period. Sufficient moisture already existed in the soil to allow 
continued plant germination and growth during the early part of 1993 and 1995. This seed 
production also requires ample rainfall and moisture retention. Sufficient common plant 
seeds were collected during the spring and early summer seasons to carry out full scale 
seeding during final reclamation. The seeded plots, seed collection program, and 
transplanting programs have continued during the testing programs. 

Test plots were set up on tops of mine rock overburden piles at two mines, and on the 
surface on 3 heap leach pads at one other mine. Portions of the program, such as seed 
collection and transplanting, have also been conducted at all three mines. The following 
sections highlight the setup and results of the revegetation testing programs: 
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Test plots 

Test plots have been set up on overburden piles and spent heap leach pads: The test 
plots were set up in two areas within different mine overburden substrate conditions. One 
area was smoothed with a dozer and compacted by truck traffic and the other area had 
loose end-dumped mine overburden rock. Plots were also established on spent leach 
pads. Three types of seeding and transplant plots were established on overburden piles 
and heap leach pads (plus associated access roads): 

1) double tear-drop shaped water catchment basins of 4,000 to 5,000 square feet on 
the compacted top portion of one overburden pile, 

(2) half-moon crescent shaped catchment basins of 4,000 to 6,000 square feet on the 
entrance road and compacted western and southern portions of the second pile; 
and the sides of the heap leach pads, 

3) irregular shaped basins in the loose end-dumped portions of two overburden piles, 
and the top surfaces of the heap leach pads. 

All of the catchment basins collected and directed water to the 100 to 400-square-foot 
garden plots. 

The mine rock in the test plots on one overburden pile was modified by adding 
combinations of amendments and treatments. Treatments included the addition of 
polyacrylamide (PAM) crystals as a soil moisture enhancement, ammonium nitrate as fertil¬ 
izer, hay as organic mulch, and/or zeolite as a natural soil conditioner. Polyacrylamide 
crystals, a water-absorbing polymer, was tested by mixing it with the soil in some plots and 
in the transplant test plots at a rate to enhance the moisture retention capabilities of the 
soil. The monitoring of the amended test plots have not shown significant differences in 
plant germination and growth from the control plots. 
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Soils, as a seed source, were added from two areas: (1) desert pavement soil salvaged 
during construction of a heap leach pad, and (2) plots on one overburden pile were 
covered with soil collected from the nearby washes. The rest of the plots were seeded 
with locally collected native seed. 

The results of the monitoring show that in these plots, germination and survival of plants 
has been successful. Test plots on the overburden piles were the first constructed in early 
winter 1989/1990, and have had the longest period of testing. These plots have received 
both wind-blown natural reseeding and seeding with nine species of plants collected in the 
area. There was excellent germination and growth observed in the all seeded plots during 
the April/May 1992 period. Regrowth, seed set, and additional germination from this seed 
occurred in 1993 and 1995 from the seeded plots. The most common plant in the plots 
and between berms is the adventive skeleton weed ( Eriogonum deflexum) that is adapted 
to disturbed wash habitats. This plant species has reseeded from wind-blown seed. Good 
germination and growth was also displayed by four-wing saltbush ( Atriplex confertifolia) 
seeded in December 1990. Other species that have become established are creosote 
bush ( Larrea divaricata), fan-leaf ( Psathyrotes annua) and desert-straw ( Stephanomeria 
pauciflora). There were three palo verde seedlings observed in these plots, with some 
germination by three-awn ( Aristida ), spurge ( Euphorbia ) and a few small shrub species 
( Encelia, Larrea) scattered throughout the plots. Plants set seed in three of the past four 
years (1992 through 1995), and have contributed seeds to adjoining areas. A total of 37 
species have been recorded in the test plots. 

The trend to more complete ecosystem development was observed during the most recent 
monitoring in 1993 through 1995. In addition to vegetative surveys, animal habitat 
utilization has been recorded in the form of ant hills, rodent burrows and diggings, and 
plant grazing. Colonization and use of the reclaimed plots by wildlife species and insects 
has continued to expand. Small mammal burrows and ant nests were observed in many 
of the seeded plots. Vegetation has been grazed by jackrabbits, and by pack rats who are 
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nesting in the boulders in the rough graded mine rock. Other animals noticed were birds 
and lizards in the spring, and evidence of a shrike using one of the transplanted ocotillo 
as a roost and to hang prey. 

Specific area monitoring results of the test plots (from December 1993 to 1995) are 
summarized below. The relationship between time of establishment and other treatments 
and the current state of the revegetation success is included: 

• The longest established (four growing seasons) of the revegetation test plots had initial 
slow plant and vegetation establishment because a good set of viable seeds was not 
available and a drought was ongoing at the time of planting. These test plots were 
established with a matrix of soil amendments, seeds or no seeds, and one watering or 
no watering. Past monitoring showed no significant effect from the soil amendments, 
although seed germination was enhanced by the simulated rainfall (one initial watering) 
in spring 1990 in some test plots. Seed germination emphasized the necessity of 
seeds or a good seed source for perennial plant establishment. Vegetative cover in 
all plots at one mine site averaged 55% (10% of this was perennial species), and cover 
was 22% (2% perennial) over the entire site in 1993. Perennial plants were in very 
good condition and some seed production was observed. Abundance of annual plants 
was very high. 

• All of the plots for testing the best season (winter and spring) for seed planting had an 
average vegetative cover of 30% (0.5% of this was perennial species). The best 
results were from areas sown immediately after grading on fresh substrate during any 
time of year. Seeds remained covered in the soil and were dormant until favorable 
rains occurred. 
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• The portion of the overburden plots revegetated with transplants and wash soil as a 
seed source had an average vegetative cover of 40% (12% of this was perennial 
species) and was 15% (2% perennial) over the entire area in 1993. Perennial plants 
were in very good condition and some seed set was observed. Four perennial plants 
had seeds present, two of these also had flowers. 

* On the heap leach pad reclaimed in 1992 the density of perennial shrubs and 
herbaceous perennials averaged 160 shrubs per acre during monitoring in spring 1995. 
The density of shrubs has been increasing on this site during the past two years, and 
the trend is for more perennials to become established as the vegetation matures. 
Numbers of species per plot (as a measure of diversity) averaged 9.2 on the site, 
although the kinds of species differ due to the successional status of plant growth on 
the heap leach compared to offsite. A count of all perennial plants present in each 
basin that our transects crossed was recorded and included 109 perennials (12 
species, mostly Encelia farinosa - inciensio). These species included surviving 
transplants of Ferocactus cylindraceus (barrel cactus) and Opuntia acanthocarpa 
(buckhorn cholla). The numbers and density of shrubs was more variable than total 
plant cover and could not be related to slope or aspect. The most conspicuous factor 
that may control shrub density is the lack of time for shrubs to become established on 
this successional vegetation type. 

Transplant Program 

All three revegetation programs had plant specimens transplanted from the areas to be 
disturbed into plots on the overburden piles and heap leach pads. The plants were dug 
out with a backhoe and transplanted, within a few hours, into prepared small pits. Two of 
the transplant programs used soil prepared with the soil amendments of PAM, zeolites, 
and ammonium nitrate. Immediately after planting, the pits were watered once and then 
again, approximately 3 hours later, to hydrate the PAM crystals. The soil amendments 
have not increased survival or growth of the transplants. These transplant programs were 
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partially successful depending on the species transplanted and the age and condition of 
the specimen being transplanted. In one program, there was survival of 20 of the 41 plant 
specimens transplanted. The most successfully transplanted species in the Sonoran 
Desert were ocotillo with 8 out of 10 transplants surviving. Other successfully transplanted 
species were beavertail cactus, barrel cactus, and ironwood. The transplanting programs 
have been hindered by a lack of suitable plant materials due to the previous droughts, and 
the age and condition of the plants specimens. In the Mojave Desert, Joshua trees have 
been successfully transplanted. 

Seed Collection and Source Program 

The two sources of seed identified to date are: (1) surface soils stripped from areas to be 
disturbed that contain a reservoir of seeds, and (2) seed collected from native plants or 
from surface soils underneath shrubs in the local areas around the mine sites. The seed 
collection programs were fully implemented during the three years of abundant rains, the 
previous winters and spring of 1992 and 1993, and again in 1995. The stock of local 
seeds was collected for future sowing and collection will continue during the rest of the 
revegetation testing period. The surface soils stripped as a source of seed were from 
three types of areas. In the first area, soils were stripped from desert pavement surfaces 
on a flat bajada. This soil material was applied on the overburden rock piles in spring 
1990 and contained very few seeds resulting in a low level of germination. The second 
area stripped was the area in a wash to be used as a borrow site for gravel. These soils 
were applied to overburden piles in late spring 1991. The third source was surface litter 
and soil underneath shrubs collected by hand. Abundant germination of many species 
was observed, and most annual and some perennial plants set good seeds during the 
growing season. 


A.3 Reclamation Approach 

The reclamation approach and concepts used during the revegetation test programs and 

ultimately for final reclamation are based on five components. These components are a 

direct result of the revegetation testing program as discussed above and consist of: 

1. Establishing stable surface and drainage conditions that are compatible with the 
surrounding landscape. This will be accomplished during operations by material 
placement and grading, as well as after closure by final fine grading and contouring. 

2. Where possible, create surface and substrate conditions conducive to seed 
germination, natural regeneration, and native plant establishment without irrigation 
using moisture enhancement catchment basins. The soil surface will be altered 
through grading and the selective application of seed or appropriate soil material that 
will act as a seed source. 

3. Collect and use seed from native plant species obtained from local and onsite sources, 
and transplant with locally adapted plant species into specially prepared local spots. 
These "garden" spots will act as loci for continued natural revegetation on the entire 
reclaimed site, including side slopes, berms, and pits. 

4. Leave occasional slopes, particularly in the mined rock disposal areas and remnant pit 
slopes, as talus-like slopes to resemble the surrounding rocky hillsides. These 
surfaces may be recontoured for erosion and drainage control, as well as for slope 
stability and visual compatibility. Partial revegetation will occur through natural plant 
establishment from revegetated spots, as has been observed during the testing 
program. 

5. Consider public safety through the stabilization of slopes and mined surfaces, removal 
and/or fencing of structures or landforms that could constitute a public hazard . 
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Surface stabilization must be obtained through contouring and drainage control as 
opposed to revegetation due to the desert climatic conditions. Vegetation cannot be 
established at a density that would generate slope stability through root mass and 
penetration. Revegetation is desirable from the standpoints of vegetation productivity, 
aesthetics, and wildlife habitat. Stability on natural, undisturbed slopes is provided by 
landform rather than vegetation, therefore, the basis for site reclamation initially lies with 
the physical manipulation of on-site topography for stabilization, and then with 
revegetation for aesthetics and wildlife habitat. 

Past reclamation procedures were designed to use precipitation with surface runoff water 
management. The only watering of transplants was accomplished with onsite watering 
trucks at the initial time of transplanting. This minimal-irrigating approach to vegetation 
establishment is warranted in this desert climate due to the poor quality of water, to avoid 
irrigation-dependent plants, and the lack of significant success with other irrigation studies 
in these isolated desert habitats. Chances increase for long term successful revegetation 
if plants germinate naturally and survive without artificial watering. 

A.4 Reclamation Standards 

Based on the revegetation testing and subsequent monitoring, the reclamation standards 
recommended use a combination of reclamation activities and revegetation results. The 
standards for activities are based on the successful techniques used during recent 
revegetation testing programs at other desert mining sites. Since successful reclamation 
has been demonstrated to depend on a combination of surface preparation that takes 
advantage of natural precipitation and an adequate seed source, a dual approach to 
reclamation standards is considered necessary. The germination and subsequent growth 
of plants to produce vegetative cover (the plant cover standard) is then dependent on 
ensuing rainfall. 
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The reclamation activities include: (1) rough grading for drainage control, erosion control, 
and surface stability, and (2) fine contouring for surface configuration and water catchment 
basins. The revegetation standards will be based on a percentage of the vegetation cover 
present on corresponding adjacent vegetation types. The existing vegetation cover will 
be determined using a vegetation/topographic correlation method. The reclamation 
activities that will be performed, including rough and fine grading, need to be field 
determined at the time of closure. The bond period for this portion of the reclamation 
activities should be set to conclude a period for satisfactory completion of these activities. 

The revegetation standard can be determined using a sampling protocol that has been 
developed for sampling vegetation cover and patterns in relationship to topographic, soils, 
and erosional factors. The topography and soils on the reclaimed site will be complex and 
disturbed, and the vegetation established will be in a successional status, not uniform, and 
composed partly of hardy and pioneer species that may differ from natural vegetation. The 
specific type of sampling for determining the relationship of vegetation patterns to soils and 
topography should be conducted on relatively undisturbed areas in the vicinity of the mine 
site. The purpose of monitoring and sampling is to determine the vegetative cover, 
densities, and patterns of vegetation in the specific location of a mine in California as a 
guide to conditions to be expected on the reclaimed site. 

The method proposed and used during the revegetation testing program at current mine 
sites uses linear coupled transects. These are linear plots (typically 2x10 meters in size, 
or longer in the desert) laid end to end and oriented parallel to or across environmental 
gradients. A 30 meter steel tape will be stretched between markers. Lines of transects 
generally are run for 500 meters or more depending on the ecological scale of vegetation 
in relationship to topographic parameters. The general areas to be surveyed are the 
slopes, flats, and near the mine that will not be disturbed by mining. Vegetative, 
topographic, erosional, and soil parameters are to be recorded in each plot. The transects 
are analyzed for the cover, dominant species, type of vegetation, and amounts of bare 



areas as they relate to topography, soils, and erosional features. The linear transects can 
be run from randomly selected located points near the mine. Similar linear transects 
should be measured on the reclaimed site using an analogous systematic random location 
method. An attempt will be made to have approximately the same number of samples on 
the reclaimed sites and on the adjacent areas. 

The parameters in the transects to be estimated or measured for vegetation are percent 
cover by species, and numbers of shrubs and perennials by species. Topographic 
features recorded will be slope and aspect; soils and surface features will be types of 
substrate and percentage rock; and erosion features will be depths and width of drainages, 
and amounts of aggradation and degradation (erosional status) of surfaces. The number 
of samples will depend on the heterogeneity of the linear plots being surveyed. Sample 
adequacy for the number of factors being measured are generally not of concern, but a 
large number of samples is required for multiple regression analysis. The results of the 
transects will be analyzed for: (1) the vegetative types, percentage cover, and sizes of 
area with low vegetative cover; (2) the percentage and types of topographic slopes; (3) the 
percentage and types of soil; and (4) types and amounts of erosional features. The 
parameters will be developed using statistical means and standard deviations. The 
correlation coefficients between these four sets of parameters can be determined for 
application toward developing the range to be used in the standards, if needed. 

The results of the analysis will then be applied as a standard on the reclaimed areas at the 
proposed mine site. It is proposed that the standard for the reclaimed surfaces be set at 
a percentage of cover and density of the similar adjacent vegetation measured in 
comparable areas. It is recommended that the monitoring and bond period for 
revegetation be set at a maximum of 5 years, or earlier if adequate rains occur and plant 
germination and growth equal the criteria standard. 
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SUMMARY 

The Soledad Mountain Project site is a proposed gold mine near Mojave, California, which 
will be operated by the Golden Queen Mining Company. This report presents the results 
of our earlier soils and biological inventories in 1989/90, and a subsequent update in 1995 
as a baseline study. In this report, we evaluate the soils and biological resources of 
Soledad Mountain and present this information for permits, applications, and future 
reclamation planning and for use in determining impacts and mitigations measures. The 
principal findings of these studies were the following: 

• Soils are skeletal with little profile, and generally rocky or pebbly loams on the 
slopes, and sandy loams on alluvial fans and flats, 

• The general lack of soil development, suitable surface horizons, and coarse texture 
are major limitations for soil salvage and potential for use in reclamation, 

• Vegetation is a creosote bush shrub-scrub on the lower alluvial fans and on the 
mountain slopes is a mixed shrub/grass type; vegetation is fairly diverse and produc¬ 
tive, however the repeated disturbances and burns have locally reduced plant cover, 
species diversity, and increased annual grasses and weeds, 

• Wildlife population are low due to the desert climate, burns, and alterations of 
habitats, and high winds; wildlife species present are typical for desert habitats with 
small mammals, reptiles, birds, and their predators as dominant components, 

• Three animals of possible concern were potentially present from the threatened and 
endangered species lists for the federal and California agencies, Plecotus 
townsendii (Townsend's big-eared bat), Gopherus agassizii (desert tortoise), and 
Citellus mohavensis (Mojave ground squirrel); specific surveys conducted for each 
species failed to observe any of these animals present on the site; species are not 
considered threatened by Soledad Mountain Project. 

Soledad Mountain is an isolated circular volcanic peak about three miles in diameter, rising 
out of the alluvial flats in northwestern Antelope Valley near the Tehachapi Mountains. 
Elevations on the mountain range from 2800 feet mean sea level (msl) at the base to 4190 
feet msl at the highest peak. The slopes are steep with rock outcrops and residual 
weathered rock and soil below the outcrops. Alluvial fans and flats surround the mountain 
on all sides except for the northeast. The climate is typical of the Californian deserts with 
hot, dry summers and cool winters with some moisture and strong and persistent winds. 



Temperatures range from 70 to 105 degrees fahrenheit in the summer and 27 to 60 
degrees fahrenheit in the winter. Average precipitation is approximately five inches per 
year with the majority of the rainfall occurring in the winter months from frontal storms. 
Winds are strong and persistent. 

The soil and biological resources are influenced by the desert climate and dry substrate 
conditions. Soils are generally rocky or pebbly loams on the slopes, and sandy loams on 
alluvial fans and flats. The vegetation consists of a creosote/burrobush type on the flats 
and alluvial fans below the mountain. Wildlife is fairly diverse, however populations are 
small and activity is seasonal. The mountain is characterized by rock outcrops and rocky 
soils with predominantly desert shrub-grass species that have been altered by frequent 
burning, and by recreation and mine related disturbances. The human disturbance on the 
mountain stems from historic mining activities, previous and recent mineral exploration, and 
past and recent burns. The two activities most influencing biological and soil resources are 
the previous mining and recent exploration, as well as the repeated fires highly altering the 
vegetation. 

The soil types are related to rock types and substrates influenced by the topography on and 
around Soledad Mountain. Six soil series were identified and mapped. The soils have a 
wide range of textures depending on the parent material and degree of weathering. Soils 
derived from rock altered by hydrothermal activity have increased clay content. Textures 
range from clay loam to fine sand, with a large amount of coarse fragments. Although the 
volcanic rock is acidic, it weathers to basic with soils pH ranging from 7.2 to 8.7, and has 
no acid generating potential. The organic matter content of the soils is very low and 
variable, and the nutrient status is also low. The soils' physical characteristics and nutrient 
content are poor as a growth medium for native vegetation. The general lack of soil 
development and suitable surface horizons are major limitations for soil salvage and 
potential for use in reclamation. 

Our recent revegetation testing for reclamation in the deserts of southern California has 
shown the salvaged desert soils are not a better growth medium than recontoured 
overburden piles or spent leach heaps. Surface soil on the project site in alluvial areas and 
residual accumulations on lower slopes and fans contain seed reserves that can be 
salvaged and stored as a seedbank. Soil will be collected only as a source of seed. 

Vegetation on and around Soledad Mountain is a desert shrub-scrub type adapted to a 
climate of low, unpredictable precipitation and hot, but variable, temperatures. The 
dominant vegetation type on the lower alluvial fans and flats is a creosote bush shrub-scrub 
with widely scattered Joshua trees. The vegetation on the mountain slopes is a mixed 



shrub/grass type dominated by species adapted to rocky substrates and cooler conditions. 
Vegetation cover averaged 23% in 1990, and increased to 80% in 1995. Overall, the 
vegetation is fairly diverse and productive, however the repeated disturbances and burns 
have locally reduced plant cover, species diversity, and increased annual grasses and 
weeds. No threatened or endanagered species were observed or expected. 

General populations of wildlife are low at the Soledad project site due to the dry, hot desert 
climate, burns, and the alteration of habitats by mining and recreational activities. The 
wildlife species present are typical for desert habitats with small mammals, reptiles, birds, 
and their predators being the dominant components. There are no herbivores such as deer 
or bighorn sheep on Soledad Mountain, and no evidence such as trails, bones, or scat 
exists. Animal populations are also affected by the high winds characteristic of this region. 
We identified three animals of possible concern from the threatened and endangered 
species lists for the federal and California agencies, Plecotus townsendii (Townsend's big- 
eared bat), Gopherus agassizii (desert tortoise), and Citellus mohavensis (Mojave ground 
squirrel). Specific surveys conducted for each species failed to observe any of these 
animals present on the site. These species are not considered threatened or affected by 
the Soledad Project. 



1.0 INTRODUCTION 

The Soledad Mountain Project site is a proposed gold mining operation near Mojave, Cali¬ 
fornia. We originally inventoried the soil and biological resources on the site during the 
winter and spring seasons of 1989/90 during four field trips, and again in spring 1995. 
Since that earlier comprehensive study, the proposed mining operations have been revised, 
necessitating that we update the earlier report. The principal revisions in the plan of 
operations include the elimination of the mill, as well as changes in the locations of the 
heap leach pads and the overburden piles. The open pit mines on the north and west side 
of Soledad Mountain have increased in size. The operation will now disturb approximately 
one thousand acres. The present study area encompasses approximately 3,000 acres as 
shown in Figure 1-1. 

This report presents the results of our inventories as a baseline study. In this report we 
evaluate the biological resources of Soledad Mountain as information for permits, 
applications, and to determine impacts and mitigations measures. In addition, this 
information will be used for future reclamation planning. In our 1989 to 1990 study, we 
inventoried the site during the growing seasons and provided a comprehensive evaluation 
of the resources currently on the site. During these earlier winter season 1989/90 studies, 
this portion of the Mojave Desert in California had low and unevenly distributed rainfall, 
however most areas on the site received sufficient rainfall to support some plant growth 
and animal activity. The intervening years have had excellent moisture and the 
winter/spring of 1995 was cool with abundant moisture. This resulted in excellent growth 
of shrubs and perennial and annual herbaceous plants. 
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2.0 SITE CHARACTERISTICS 

The Soledad Mountain Project is located on Soledad Mountain approximately five miles 
southwest of the town of Mojave in Kern County, California, and 70 miles northeast of Los 
Angeles on the western edge of the Mojave Desert. Soledad Mountain is an isolated 
circular volcanic peak about three miles in diameter, rising out of the alluvial flats in 
northwestern Antelope Valley near the Tehachapi Mountains. See Figures 2-1 and 2-2 for 
general views of the mountain. Elevations on the mountain range from 2800 feet at the 
base to 4190 feet at the highest peak. The slopes are steep with rock outcrops and 
residual weathered rock and soil below the outcrops. Alluvial fans and flats surround the 
mountain on all sides except for the northeast. 

The climate is typical of the Californian deserts with hot, dry summers and cool winters with 
some moisture. This portion of the western Mojave Desert, just east of Techachipi Pass, 
is noted for strong and persistent winds. Temperatures range from 70 to 105 degrees 
fahrenheit in the summer and 27 to 60 degrees fahrenheit in the winter. Average 
precipitation is approximately five inches per year with the majority of the rainfall occurring 
in the winter months from frontal storms. With increasing elevations on Soledad Mountain, 
the temperatures are cooler, there is some increase in rainfall, and snow is more frequent. 
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Figure 2-1 View from the northwest of Soledad Mountain, May 1990 
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The soil and biological resources are influenced by the desert climate and dry substrate 
conditions. Soils are generally rocky or pebbly loams on the slopes, and sandy loams on 
alluvial fans and flats. The vegetation consists of a creosote/burrobush type on the flats 
and alluvial fans below the mountain. Vegetation on the mountain includes more grass and 
varied shrubs, and is highly modified by recent and recurrent fires. Wildlife is fairly diverse, 
however populations are small and activity is seasonal. The mountain is characterized by 
rock outcrops and rocky soils with predominantly desert shrub-grass species that have 
been altered by frequent burning and recreation and mine related disturbances. 

The human disturbance on the mountain stems from historic mining activities, previous and 
recent mineral exploration, and past and recent bums. In addition, the area is used for 
recreational vehicle activities and firearm target practice. The two activities most 
influencing biological and soil resources are the previous mining and recent exploration, as 
well as the repeated fires highly altering the vegetation. 

3.0 SOILS 

We originally inventoried the on-site soils in 1990 to determine the soil types and character¬ 
istics and also the suitability and amounts for use as substrate material during reclamation. 
The soils were again reviewed during the April 1995 field visit for additional information on 
several soil profiles for depth and suitability for reclamation. With this information, wo 
provide a baseline of the general location of the soil types, and also assess the physical 
and chemical characteristics for reclamation and revegetation. 

The soils on and around Soledad Mountain have been mapped by the US Soil 
Conservation Service (SCS, 1981.) See Figure 3-1 for a general soil map of the study 
area. Our activities during the 1990 soil surveys included verification of soil types, checking 
profile descriptions, collecting soil samples, and determining present soil conditions and 
resources. We validated this information during the recent field trip in May 1995. Soils and 
topographic surfaces in this area are relatively stable and do not change significantly over 
short time periods. 
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3.1 General Description of Soil Resources 

Soledad Mountain formed as a result of volcanic activity and the parent material and soils 
are, therefore, of volcanic origin. The principal rock substrates consist of three types: 1) 
two kinds of ryolites (flow and intruded), 2) pyroclastic debris, tuffs and breccias, and 3) 
quartz alunites and latites. These are acidic volcanic rocks having zones altered by 
hydrothermal activity. The altered zones may contain clays, quartz, and secondary 
mineralization. The soils formed from these substrates vary from weathered rock outcrop 
to deeper droughty soil with a clay loam to sandy loam texture. Soils are skeletal, and soil 
development has been slow and profile development is incomplete or lacking. The soil 
surfaces are fairly stable and, in some places, are old and weathered. Soil formation is 
lacking due to the arid climate. The residual soils on the mountain proper differ from the 
alluvial soils on the lower fans and flats in that soil textures become increasingly finer out 
onto the adjacent alluvial flats. 

Although the slopes on the mountain are steep, very little evidence exists of slope or soil 
instability in the form of slides, soil creep, or solifluction lobes. The logic for this is not 
completely understood at present, but is most likely related to the weathering of the soils 
producing a clay content that binds soil and rock particles into a stable mass. In this dry 
climate, the soil does not become saturated enough to move on the bedrock which is rough 
and without bedding planes. 

During 1995, we again surveyed soils in two areas on the lower mountain alluvial fans 
where the heap leach area is planned. These deeper alluvial soils consist of partially 
sorted sands and silts with varying amounts, up to 75%, of coarse rock fragments. These 
soils were evaluated for stripping and use in reclamation. The following section discusses 
the soil types and mapping in relation to topography and substrate type. 

3.2 Soil Types 

The soil types are related to rock types and substrates influenced by the topography on and 
around Soledad Mountain. The taxonomic classification of the soils on the project site are 
given in Table 3-1, and are based on the soil survey of southeastern Kern County (SCS 
1981). A description of the soil series are given in Table 3-2, and are based on the general 
descriptions of the SCS, and also on field observations during the present surveys. 
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Descriptions of profiles and soil development for typical soils in place are given below. The 
local soil types generally match the descriptions of the SCS soil classification series soil 
types. The information includes physical factors such as structure, consistency, depths, 
percentage rock, erosion potential, and permeability. 


Table 3-1 SCS Taxonomic Classification of Soil Series, Soledad Mountain Project 

Series Name 

Classification 

Arizo 

Sandy-skeletal, mixed, thermic Typic Torriorthents 

Cajon 

Mixed, thermic Typic Torripsamments 

Garlock 

Fine-loamy, mixed, thermic Typic Haplargids 

Rosamond 

Fine-loamy, mixed, (calcareous), thermic Typic Torrifluvents 

Torriorthents 

Undifferentiated 

Rock Outcrop 

Unclassified 

Other 

Mined rock 

Variable texture, size and weathering 

IlliHBB 

Fine textured, uniform 


Table 3-2 SCS Soil Series Descriptions on Soledad Project 

Series Name 

Description 

Arizo 

Deep, sandy loam soils on alluvial toe slopes and fans around the base of the 
mountain, 2 to 10% slopes. 

Cajon 

Deep, sandy to loamy sand, 0 to 5% slope, on alluvial fans and plains out from the 
base of the mountain. 

Garlock 

Very deep, loamy sand to sandy loam, well drained, gently sloping and gently rolling 
soil on alluvial fans and terraces, 2 to 9% slopes. 

Rosamond 

Very deep, sandy loam to clay loam, well drained, nearly level on alluvial plains, 0 to 

2% slopes. 

Torriorthents 

Weathered rock outcrop and shallow to deep residual soils from host rocks on the 
mountain; mostly skeletal soils with light brown clay to sandy loam texture, 60 to 70% 
rock and cobbles, irregular boundary to C horizon (bedrock or residual weathered 
rock) 

Rock Outcrop 

Occurs on all aspects on the mountain as crags, cliffs and along ridges and peaks 

Mined rock 

Piles of various sizes and materials from mining 

Mill tailings 

Rhvolite tailings and mined rock; some has been sold as construction material 
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Arizo 

The Arizo soil is generally located on the alluvial toe slopes and fans around the base of 
the mountain at 2 to 10% slopes. The soil is a sandy loam with 40% gravel and small 
stones to 50% stones and cobbles with depth (see Figure 3-2.) It has no structure and is 
loose and friable with good permeability and high wind erosion potential. Portions of the 
leach heap are planned on these soils. A soil pit dug to 36 inches showed the following: 
alluvial sloping (4-5°) to the north, no profile development (not even A horizon); sandy clay 
loam to sandy loam; cobbles increase with depth, 40% cobbles at 30 inches of depth, and 
65% coarse materials at greater than 30 inches. Soil salvage is limited by coarse 
fragments, and soil suitability is low due to poor nutrient status and texture. 

Cajon 

The Cajon soils are located to the west and south on alluvial fans and plains out from the 
base of the mountain. Slopes are from 2 to 15%. The soil consists of a loose friable, 
gravelly loam to loamy sand, with numerous surface fine roots. The soil color is light brown 
to brown. Gravel content is 15% and reduces with depth. Permeability is rapid and wind 
erosion potential is very high. Portions of the western heap leach site may be developed 
on these soils. A soil pit showed the following: alluvial fan with slopes to 15%; no profile 
development; gravelly loamy sand to loamy sand, friable; coarse fragments, cobbles to 15 
inches at 60%, no structure, no development, erodible by wind; severe limitations for 
salvage due to coarse fragments on portions of the alluvial fan. 

Garlock 

The Garlock soils are very deep, loamy sand located on the alluvial flat lands surrounding 
Soledad Mountain to the north and northwest. A lag gravel surface can exist on these 
loose, friable, brown soils. The 0 to 1% sloped soils have a 5% gravel content near 
surface, and a dense, slightly blocky structure and increased clay content with depth. 
Permeability is moderately slow. Water erosion hazard is slight or moderate. Wind erosion 
potential is high. Soils in this unit will not be disturbed by the present mining. Limitations 
for reclamation use are an increased clay and mineral content out onto the flats and the low 
nutrient status. 

Rosamond 

The Rosamond soils are located on the flats to the west of the mountain. The sandy loam 
to gravelly sandy loam soil has 10% gravel and stones, is slightly blocky, reddish to light 
brown, and contains very low to no organics. These alluvial soils are on 0 to 2% slopes, 
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permeability is moderately slow, and erosion potential is high. Soil in this unit will not be 
disturbed during present mining, with limitations on use due to erodability and high gravel 
and lime content. 

Torriorthents 

Although not of any one soil classification series, the torriorthents consist of weathered rock 
outcrop and shallow to deep, residual soils from host rocks on the mountain. The soils 
range from a clay loam to a cobbly, loamy sand with up to 60 to 70% rock and cobbles on 
slopes of 50 to 75% (see Figure 3-3.) Permeability ranges from moderately slow to 
moderately rapid with a moderate erosion potential. A 1995 soil pit on slopes at 8-10% 
showed the following: alluvial soil washed in from upslope; no profile development; gravelly 
sandy loam; cobbly, coarse fragments 40-50%; bedrock at a depth of 12 inches. These 
soils cannot be stripped for reclamation from the potential mine pits. Salvage is severely 
limited due to lack of equipment access on steep slopes, and there are inherent limitations 
of these soils for reclamation. 
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Figure 3-2 Surface of an Arizo Soil on the northwest slope of Soledad Mountain, May 1990 
(note rock and gravel) 



Figure 3-3 Torriorthents soil on the slopes of 
Soledad Mountain, May 1995 (note large rock 
fragments) 







3.3 Sampling Procedures 

We sampled soils in 1990 to identify soil types, general availability, and characteristics of 
potential soil materials for salvage. We collected 22 soil samples of approximately one half 
liter each in cloth bags. The samples were collected at two separate depths in ten locations 
and included samples from old tailings piles. See Table 3-3 for locations. The soils were 
analyzed in our office and in an analytical laboratory for physical and chemical properties 
important for plant growth and reclamation. These properties included texture, pH, organic 
matter and available nutrients. 

3.4 Results of Lab Analysis 

The lab analysis results are summarized in Tables 3-4 through 3-5. The soils have a wide 
range of textures depending on the parent material and degree of weathering. Soils 
derived from rock altered by hydrothermal activity have increased clay content. Textures 
range from clay loam to loamy sand. Although the volcanic rock is acidic, it weathers to 
basic with soils pH ranging from 7.2 to 8.7. The one exception is the sample of vuggy clay 
which is very acidic at a pH of 4.4. The Cation Exchange Capacity (CEC) is medium to 
high with a high salt content. This is typical and within the range of desert soils. The 
organic matter content of the soils is very low and variable. This is also typical of desert 
soils. The nutrient status is mostly low in nitrogen (N), phosphorus (P) and potassium (K). 
Three samples (GQSS5, GQSS9, GQSS19) had higher NPK values. These samples were 
located at or near the surface and, therefore, showed a higher organic matter content. One 
sample from old tailings had an extremely high value for nitrogen, possibly from residual 
explosives. Lime content was 0% in all sampled soils. Salinity was very low except in one 
of the tailings samples. 

We generally do not recommend amendments for the alluvial soils based on our 
revegetation testing using native species. The native plant species are adapted to growing 
in soils with low organic matter and nutrient status. Fertilization has promoted weed growth 
which competes with the native species. 

3.5 Soil Suitability and Availability for Reclamation 

There are several competing uses for the salvageable soils in the area to be disturbed 
during mining. These uses are: 1) as a plant growth medium or seed source in 
reclamation, 2) as plating for erosion control, and 3) as foundation material for construction 
of planned facilities. For our report, we evaluated soils use as a resource in reclamation 
and revegetation. 
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Table 3-3 Soil Sample Locations and Classification, Soledad Project 


Sample 

# 


Date 

Collected 



SCS Soil 
Classification 


Soil Texture 


Location Related to Mountain 


GQSS1 


GQSS2 


GQSS3 


GQSS4 


GQSS5 


GQSS6 


GQSS8 


GQSS9 


GQSS10 



GQSS13 


GQSS14 



GQSS21 


J-J 

11/10/89 

mm 

11/10/89 

9-12 

11/10/89 

0-6 

11/10/89 

■sai 

11/10/89 

0-3 

11/10/89 

12-18 

11/10/89 

12-15 

11/10/89 

72-100 

11/10/89 

1 -3 

11/10/89 

15-18 

11/10/89 

0-3 

- - - 

11/10/89 

9-12 

5/6/90 

0-3 

5/6/90 

12-15 

5/6/90 

0-3 

5/6/90 

12-15 

5/9/90 

0-3 

5/9/90 

12-15 

5/9/90 

1-4 

5/9/90 


mma 


5/10/90 

6-8 


Arizo 


Arizo 


Tailin 



Torriorthent 


Torriorthent 


Torriorthent 


Torriorthent 


Torriorthent 


Torriorthent 


Rosamond 


Rosamond 


Ca 


Ca 


Garlock 




Ca 


Torriorthent 


Torriorthent 


Torriorthent 


Torriorthent 



NW side; on alluvial fans 


NW side; on alluvial fans 


N side; tailings below mill 


N side; tailings by entrance rd 


N side; lower slope 


N side, lower slope 


N side, mid slope 


N side, mid slope 


N side, mid to upper slope 


N side, mid to upper slope 


W side; flats (-1000'W of 
mtn) 


W side; flats (~1000' W of 
mtn) 


W side; on alluvial fans 


W side; on alluvial fans 


W side; flats (-2000' W of 
mtn) 


W side; flats (-2000' W of 
mtn) 


SW side; west of Tapico rd. 


SW side; west of Tapico rd. 


S side; upper slope 


S side; upper slope 


E side; toe slope 


ravellv-sandy loam E side; toe slope 
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Table 3-4 Soil Sample Results, Soledad Mountain Project, November 1989 and May 1990 


Cation Exchange Capacity Organic Material 









































































































Table 3-5 Available Nutrients in Soil Samples, Soledad Mountain Project, 
November 1989 and May 1990 


Available Nutrients 



GQSS1 


GQSS2 


GQSS3 


GQSS4 


GQSS5 


GQSS6 


GQSS7 


GQSS8 


GQSS9 


GQSS10 


GQSS11 


GQSS12 


GQSS13 


GQSS14 


GQSS15 


GQSS16 


GQSS17 


GQSS18 


GQSS19 


GQSS20 


GQSS21 


K 

Ca 

Mg 

Zn 

Fe 




17 

143 

10 

120 

10 

124 

10 

140 

14 

175 

25 

99 

31 

669 

18 

307 

21 

323 



15 






















































































































































The soils' physical characteristics and nutrient content are poor as a growth medium given 
that they are salvaged from areas with little soil development. There is little soil material 
differentiation between horizons. The general lack of soil development and suitable surface 
horizons, poor soil texture, and large amount of coarse fragments are major limitations for 
soil salvage and potential for use in reclamation. The upper slopes have some 
development of soil because of higher moisture content and cooler temperatures, but are 
limited by equipment access and small extent. If frequent burns did not occur, then the 
mountain soils would, most likely, be more productive. These soils are residual and, in the 
past, had a higher vegetation cover and productivity prior to disturbance from mining and 
other disruptive activities (fire and vandalism.) As discussed in the map unit descriptions, 
soils developed on slopes and alluvial fans on the study area have physical limitations for 
salvage. These limitations include steep topography, rock outcrops and boulders on the 
mountain, and shallow soils with large amounts of coarse fragments in the surface and 
subsurface soils. Salvage of these soils is not possible given the conditions on the site. 
The major limitation to soil salvage at the mountain base is the large coarse rock fragment 
content which varies depending on topographic location and slope, the lack of organic 
matter except on the surface, and low nutrient status. 

The physical and chemical characteristics of the soil itself (such as texture, pH, soluble 
salts and nutrients) permit growth of native plant species. The soils located at or near the 
surface had a better nutrient status with higher NPK values and some residual organic 
matter. The surface soils contain abundant seed, and revegetation tests have shown good 
germination and growth from seeds in salvaged surface soils. 

Our recent revegetation testing for reclamation in the deserts of southern California has 
shown the salvaged soils are not a better growth medium than recontoured overburden 
piles or spent leach heaps. These testing results suggest that large scale stripping and 
stockpiling of soils is not necessary for successful revegetation during reclamation. Soils 
near the more moderately sloped areas around the base of the mountain potentially could 
be salvaged at the surface to a depth of about 0.5 feet as a source of seed. This stockpiles 
soil would act as a seedbank for distribution on surfaces to be reclaimed. For use in 
reclamation, we do not recommend fertilizer be used since our recent tests of reclamation 
to native species have been successful with no amendments. 

The locations and amounts of soil materials of this 0.5 feet that can be salvaged can be 
determined once final mining configuration and design details of facilities are determined. 
The amounts will be calculated during the reclamation planning, and presented in the 
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reclamation plan. The balance of salvaged soil materials can be calculated, and the 
storage or distribution can be determined and become part of the reclamation planning. 
Experience has shown that an initial field determination of soil salvage and suitability at the 
time of construction may be necessary. 

4.0 VEGETATION 

We surveyed vegetation in the study area for general vegetative types, species present 
(floristics), and the conditions of the vegetation in 1990 and again in 1995. We sampled 
the vegetation for the dominant species, general canopy cover by species, densities of 
perennial species, and diversity. Our sampling in 1995 followed a record period of high 
moisture resulting in vigorous plant growth and productivity. 

4.1 General Observations 

The vegetation on and around Soledad Mountain is a desert shrub-scrub type adapted to 
a climate of low, unpredictable precipitation and hot, but variable, temperatures. The 
adaptations of the native species to the climate include a quick response to rainfall and 
extended dormancy periods. The dominant vegetation type on the lower alluvial fans and 
flats is a creosote bush shrub-scrub with widely scattered Joshua trees. The vegetation 
on the mountain slopes is a mixed shrub/grass type dominated by species adapted to rocky 
substrates and cooler conditions. These species are common in desert mountain ranges 
and have affinities to the Great Basin deserts to the north. 

Plant communities on portions of Soledad Mountain are extensively disturbed by previous 
mining activities and mineral exploration. In addition, nearly all the lower slopes, sides, and 
top of the mountain have been altered by frequent bums which change and reduce the 
shrub cover and increase annual grasses and weeds. Lower plant productivity is the result. 
There are a few areas of undisturbed vegetation on the higher ridges among rock outcrop 
where burns have not occurred. Sheep have recently grazed in the lower mountain slopes 
and in the protected valleys and canyons. This grazing was heavy in places in 1990, and 
had caused a reduction in plant cover. 

4.2 Survey Methodology 

We surveyed the project site during 1990 for general vegetation types and dominant 
species using topographic maps and aerial photographs in combination with walking the 
area for ground truth. We recorded plant species and collected several for identification 
and verification in a herbarium. We mapped the vegetation types and determined of which 
areas to sample. 
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We sampled vegetation for species composition and canopy coverage using one of two 
methods. The first method employed a visual estimate of an area by recording species and 
assigning a cover value. We used this qualitative method on steep mountain slopes and 
in small or isolated areas when a long transect was not possible. The second method 
utilized coupled linear quadrats (50'x10') in an transect. Each plant rooted in the quadrat 
was recorded as to species and size. We recorded 10 quadrats in a line. This method was 
used on lower alluvial fans and flats and provided quantitative data on large plant stands. 
We employed identical methods during 1995 to measure plant cover, density, and diversity. 

We made observations on the extent and types of disturbance to the vegetation, as well 
as the plant species type that had colonized recent and older bare ground. Response of 
the vegetation to other climatic and edaphic factors were observed and recorded to aid in 
understanding the relationship of vegetation type and productivity to topography and 
weather for reclamation planning. 

4.3 Results of the Vegetation Surveys 

We present the results of the qualitative vegetation surveys here for the vegetation types 
and distribution (mapping) and dominant species present. The quantitative surveys 
provided information on plant species present, cover, and shrub density and diversity. 

4.3.1 Major Plant Species 

The Soledad Mountain project site contains plant species (floristics) typical for the western 
Mojave Desert in Antelope Valley. The plant species are hardy desert shrubs and sub¬ 
shrubs which grow year-round when moisture is available. Fall-germinating, annual 
species that grow throughout the mild winter and spring seasons are present. Some shrubs 
(such as joint-fir, spiny hop-sage, and shadscale) grow only at higher altitudes this far 
south. They are more widely distributed in the Great Basin area to the northeast. We 
believe this is a result of the cooler temperatures, higher altitude, and the steep slopes at 
Soledad Mountain compared to the lower regions of the Mojave Desert region. Cactus, 
trees, and tall shrubs are not present on-site with the exception of the Joshua tree and 
beaver-tail and golden cholla cactus. There is a lack of well-defined drainages or washes, 
and the type of vegetation characteristic of these washes. A juniper zone is not present 
due to the volcanic substrate and the unfavorable dry, warm climate. 

The major plant species are listed in Appendix A, Table A-1. We generated this list from 
observations of plant species on the site, plants collected and identified using floristics 
manuals (Munz and Keck, 1968; and Jepsen, 1993), and additional plant species verified 
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in a herbarium (Weber, 1990 and 1995, University of Colorado Herbarium.) Many of the 
plant species do not have common or vernacular names, so the plants were given common 
names based on a translation of the scientific name. The majority of the species were 
named according the most recent California flora (Jepsen, 1993). 

There were no threatened or endangered plant species expected or observed on the 
project site. There were also no unique or different vegetation or habitat types on the site. 

4.3.2 Vegetation Types and Distribution 

We mapped the vegetation types according to the two dominant types: shrub scrub and 
mixed shrub/grass. Zones of vegetation on and below the mountain are naturally divided 
by topography. Figure 4-1 is a map of the vegetation types. Figures 4-2 to 4-5 are 
contrasting photographs of the same areas from 1990 and 1995 of the shrub vegetation on 
the lower alluvial fans around the north side of the mountain. The lower slopes on alluvial 
fans and flats contain a desert shrub/scrub dominated by the Larrea tridentata (creosote 
bush) and a secondary cover of Ambrosia dumosa (burrobush), Xylorhiza tortifolia (mojave- 
aster), Acamptopappus sphaerocephalus (goldenhead), and Ephedra nevadensis (joint-fir). 
Plant zonation at the base of the mountain is dominated by Ambrosia dumosa (burrobush) 
and taller growths of Larrea tridentata (creosote bush). There is less plant variety at the 
base of the mountain, most likely due to a less diverse topography and the greater 
disturbance discussed in Section 2.0. 

The vegetation on the mid- and upper-slopes of the mountain consists of a mixed 
shrub/grass community including Grayia spinosa (spiny hopsage), Krascheninnikovia 
lanata (winterfat), Eriogonum sp. (buckwheat), and Atriplex polycarpa (cattle spinach) 
common in the Great Basin. Much of the land surface is covered by rock outcrops and rock 
slides. Some plant species are found more commonly among the rocks than in the soils. 
Overall, the vegetation is fairly diverse and productive, however the repeated disturbances 
and burns have reduced the plant cover and species diversity. 
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Figure 4-2 Creosote vegetation on alluvial fan on the lower western slopes of Soledad Mountain, May 
1990 (contrast with photo in Figure 4-3) 




Figure 4-3 Creosote vegetation on the lower western slopes of Soledad Mountain, May 1995 (note 
excellent growth of vegetation) 
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Figure 4-4 Vegetation on the northern slopes of Soledad Mountain, April, 1990 


) 



Figure 4-5 Vegetation on north slope of Soledad Mountain, May 1 995 (note gray shed, and compare 
with photo in Figure 4-4) 
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4.3.3 Vegetation Cover, Density and Diversity 

The results of our stand survey for composition and cover completed in 1990 are given in 
Table 4-1 for the estimation plots in the mixed shrub/grass community, and Table 4-2 for 
the linear transects in the creosote bush shrub-scrub. Common names of plant species are 
given in Table A-2 in the Appendix A. Vegetative cover was sparse with small shrubs, a 
few clumps of grasses and scatterings of forbs during the winter season in 1990. Cover 
in 1995 was greater due to increased moisture and improved growing conditions (see Table 
4-3 through 4-5 for comparisons.) In 1990, the total canopy cover of the shrub-scrub on 
the alluvial fans and flats ranged from 20 to 26% and averaged 23% for the 4 linear 
transects. Individual plots within the surveyed plots varied from 9 to 35%. The vegetation 
is fairly uniform with a dominant cover of Larrea tridentata (creosote bush), and a 
secondary cover of Ambrosia dumosa (burrobush) and Acamptopappus sphaerocephalus 
(goldenhead). Few other species have more than 1 to 3% percent cover except for 
Xylorhiza tortifolia (mojave aster) in a few plots. 

We compare the results of the two transects surveyed in 1995 in Tables 4-4 and 4-5. The 
primary difference is the large increase in plant cover from averaging 23% in 1990 to 
approximately 80% in 1995. The annual grasses and forbs had the greatest increase in 
percent ground cover and the shrubs were also larger due to the recent rains. 

In 1990, the mixed shrub community on the mountain slopes consisted mainly of annual 
grasses with a cover value of 10% due to fire. In areas protected from fire, the shrubs 
Atnplex confertifolia (cattle spinach) and Tetradymia axillaris (horsebrush) dominated with 


Table 4-1 Upland Perennial Plant Species and Percent Ground Cover in 

Non-dimensional Vegetation Surveys, Soledad Mountain Project, 1990 

Plant Species 

Plot Number 

1 

2 

3 

m 

5 

6 

m 

8 

9 

10 

ii 



Atriplex polycarpa 






30 

m 

10 




Chrysothamnus nauseosus 





■ 

2 






Ephedra nevadensis 



8 

2 

2 

6 

m 

m 

2 

m 

2 

Ericameria cooperi 




+ 

+ 

10 






Ericameria laricifolia 





+ 

1 


3 
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Table 4-1 Upland Perennial Plant Species and Percent Ground Cover in 
Non-dimensional Vegetation Surveys, Soledad Mountain Project, 1990 


Plot Number 


Plant Species 


Eriogonum fasciculatum 


Grayia spinosa 


Gutierrezia sarothrae 


Krascheninnikovia lanata 


Larrea tridentata 


Lycium andersonii 


Lycium cooperi 


Tetradymia axillaris 


Tetradymia glabrata 


Achnatherum speciosum 


misc. perennial grasses 


annual grasses 


Amsinckia tessellata 


Eriogonum baileyi 


Eriophyllum wallacei 


Erodium circutarium 


Mirabilis multiflora 


Phacelia glandulifera 


Stephanomeria spinosa 


annual herbs 


total vegetation 


rock 




5 

2 

3 

1 
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Table 4-2 Percent Cover of 
1989 and May 1990 


Plant Species 


Perennial Vegetation In Linear Plots, Soledad Mountain Project, November 


Percent Cover of Perennial Vegetation by Plot 


Larrea tridentata 


Ambrosia dumosa 


Xvlorhiza tortifolia 


Achnatherum speciosum 


Gravia spinosa 


Ephedra nevadensis 


Chrvsothamnus nauseosus 


Krascheninnikovia ianata 


Yucca brevifolia 


Average 


Larrea tridentata 


Ambrosia dumosa 


Achnatherum speciosum 


Gravia spinosa 


Ephedra nevadensis 


Krascheninnikovia Ianata 


Acamptopappus 

sphaerocephalus 


Erioaonum fasciculatum 


Tetradvmia axillaris 


Lvcium cooperi 


Lycium andersonii 


Average 


Larrea tridentata 


Ambrosia dumosa 


Xvlorhiza tortifolia 


Achnatherum speciosum 


Gravia spinosa 


Ephedra nevadensis 


Krascheninnikovia Ianata 


Yucca brevifolia 


SURVEY 1 


14 11 


3 



14 I 22 |17 I 17 


SURVEY 2 



0 

9 

0.2 

0 

0 

0 

0 

0 

0 

2 

0 

0.4 

3 

5 



0 

0 

0 

0 

0 

0 

0 

0.2 

3 

16 

3 

17 


14 18 


2 


SURVEY 3 


0 




0 

1 

0 

0 

0 

0 

0 

0 

0 

0 


15 28 


1 


2 


0.3 


0.3 0.3 0.4 


0 0 


1 0.2 


0 


0 


0 


0 0 


18 39 



1 

17 

0.2 

0.3 

0.2 

0.04 

i 

0 

0 

0 





36 

16 

2 

6 

2 

4 

0 

0.04 

0 

0 

3 

0 

0 

0 

0 

0 


25 



































































































































































































































































I Table 4-2 Percent Cover of Perennial Vegetation In Linear Plots, Soledad Mountain Project, November 
1989 and May 1990 

Plant Species 

Percent Cover of Perennial Vegetation by Plot 

1 

2 

3 

4 

5 

6 

n 

8 

9 

m 

Achnatherum hymenoides 

0 

0 

0.2 

0 

0 

0 

0 

0 

0 

0 

Opuntia echinocarpa 

0 

0 

0 

0 

0 

0 

0.2 

0 

0 

0 

Average 

20 

22 

9 

10 

23 

11 

14 

13 

42 

26 

SURVEY 4 

Larrea tridentata 

11 

17 

7 

5 

20 

12 

10 

3 

4 

15 

Ambrosia dumosa 

0 

isa 

1 

6 

0.04 

2 

0 

2 

0 

0 

Xylorhiza tortifolia 

0 

0.2 

1 

0.2 

1 

1 


3 


1 

Achnatherum speciosum 

0 

0 

0.3 

0.04 

0.2 

0.4 

0.1 

i 

2 

1 

Ephedra nevadensis 

13 

1 

3 

1 

1 

3 

5 

2 

5 

5 

Krascheninnikovia lanata 

0 

0 

0 

0.2 

0 

0 

0 

0 

2 

0 

Yucca brevifolia 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

Eriogonum fasciculatum 

0 

0 

0 

1 

0 

0 

EB 

2 

0 

0 

Eriogonum heermannii 

0 

0 

0 

0 

0 

0 


0 

1 

0 

Achnatherum hymenoides 


0 

0 

0 

0 

0 

0 

0.2 

0 

1 

Gutierrezia microcephala 


0 

0.4 

0.3 

2 

2 

6 

0 

2 

2 

Average 

28 

18 

13 

14 

25 

20 

22 

12 

26 

32 


26 







































































































































Table 4-3 Qualitative Plots Results, Soledad Mountain Project, June 1995 


LOWER SLOPES - Low Fans and Drainages 


burned & previously mined, partially naturally reclaimed, W of old facilities 


spotty shrubs: Larrea tridentata, Atriplex polycarpa, Tetradymia 80% 

axil, Ericameria linearifolia ; upto 20% perennial grasses 


LOWER SLOPES - Burned Areas 


Bromus rupens, Ericameria linearifolia, Atriplex polycarpa, Stipa 
sp., perennial grasses, annual forbs 


LOWER SLOPES - Steep Areas 


Bromus rupens, Tetradymia axil, Ericameria linearifolia, perennial 
grasses, annual forbs 


MID SLOPES 


not burned recently on a W facing slope near glory holes 


Eriogonum fasciculatum, Bromus rupens, Grayia spinosa, Poa sp., 
Atriplex polycarpa, Ephedra nevadensis, Sitanion sp., annual forbs 


MID-UPPER SLOPES 
burned & grazed on the E side of mountain 


Bromus rupens, Eriogonum fasciculatum, Atriplex polycarpa. 
Ephedra nevadensis, Gutierrezia sarothrae, Poa sp., annual forb 


UPPER SLOPES 


some burned stumps on N facing slope below peak near rock talus 


dominated by Ephedra nevadensis; Eriogonum fasciculatum, 
Eriogonum plumatella, Sitanion sp., Bromus rupens, Poa sp., 
Stephanomeria spinosa (on scree), annual forbs 


ROCK OUTCROPS 


W facing mid slope 


Litter Rock 








.. Ericameria laricifolia . 

30% 

5% 

65% 
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Table 4-4 Plant Cover Percentages for Proposed 
Heap Leach Sites, Soledad Mountain, May 1995 













































































































Plot No. 


Table 4-5 Vegetative Parameters for Transects on the Proposed 
Heap Leach Sites, Soledad Mountain, May 1995 


shrub 


1-1 

35 

1-2 

37 

1-3 

41 

1-4 

27 

1-5 

19 

1-6 

34 

1-7 

24 

1-8 

28 

1-9 

47 

1-10 

29 


Cover (%) 


annual 


Proposed West Side Heap Leach Area 



Proposed North Side Heap Leach Area 


2-1 

30 

2-2 

15 

2-3 

22 

2-4 

28 

2-5 

20 

2-6 

33 

2-7 

30 

2-8 

25 

2-9 

26 

2-10 

28 

Average 

25.7 





Shrub density 


#/hectare #/acre 



55 

15 

70 

14 

65 

13 

60 

12 

65 

15 

50 

15 

55 

14 

55 

14 

55 

15 

55 

13 

58.5 

14 
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a cover value of 49%. In 1995 in the same area, we estimated total cover values at 
approximately 80%. The vegetation is extremely variable. Additional dominant species 
include Grayia spinosa (spiny hopsage), Ephedra nevadensis (joint fir), several species of 
perennial Eriogonum (buckwheats), and grasses such as Achnatherum sp. (needlegrass), 
Poa secunda (bluegrass), and Elymus elymoides (squirreltail). The extreme differences 
in cover between 1990 and 1995 demonstrates the highly variable nature of the vegetation 
depending on exposure, weather, and soil moisture conditions (see Tables 4-1 and 4-3.) 

In 1995, we conducted plant surveys using linear transects on the potential heap leach 
areas. These areas are located on the northern and western alluvial lower slopes of the 
mountain. Results of these surveys are presented in Tables 4-4 and 4-5. Our results 
indicate that this was an excellent year for plant growth (averaging about 80% cover). 
Shrub densities in 1995 averaged 3700 and 4300 plants per hectare (1480 to 1720 per 
acre.) Perennial densities were not determined in 1990, however we assume that the 
densities were lower due to the prolonged drought. Perennial densities of vegetation 
change slowly. Plant species diversity (average number of species per plot) in 1995 were 
fairly uniform at 13.6 and 14.0 plant species recorded per 20 square meter plot with a range 
from 11 to 17. These values for density and diversity are average for desert vegetation and 
do not indicate unusual conditions. 

5.0 WILDLIFE RESOURCES 

General populations of wildlife are low at the Soledad project site due to the dry, hot desert 
climate, fires, and the alteration of habitats by mining and recreational activities. The 
wildlife species present are typical for desert habitats with small mammals, reptiles, and 
birds being the dominant component. This area of the western Mojave Desert in Antelope 
Valley is being developed by mining, farming, and housing. The affect on the animal 
populations has been a reduction in habitat and excluding use by larger herbivores. There 
are no herbivores such as deer or bighorn sheep on Soledad Mountain, and no evidence 
such as trails, bones, or scat exists. Animal populations are also affected by the high winds 
characteristic of this region. Domestic sheep were observed grazing on Soledad Mountain 
in 1990, however, in 1995 sheep were present in the area north of Soledad, but not on the 
mountain itself. 

5.1 Survey Methodology 

Our surveys for wildlife species consisted of a general reconnaissance followed by specific 
walking and driving transects for certain species or groups of animals. In general, we 
recorded all observations and sighting of animals or sign while on the site. We conducted 
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surveys in August and November 1989, March and May 1990, and to a limited extent in May 
1995. We surveyed at dawn and dusk for small mammals and birds, including raptors. 
Specific surveys were conducted for raptors and their nesting sites. The underground 
workings at the site were extensively examined for bat use and occupation, and for other 
general wildlife. Dr. Patricia Brown, a specialist in bat studies lead this aspect of the study 
and the results are presented in Appendix B. 

Two threatened and endangered species, Citellus mohavensis (Mojave ground squirrel) 
and Gopherus agassizii (desert tortoise), were surveyed using special techniques. Dr. 
Brown also directed the surveys for Citellus mohavensis (Mojave ground squirrel) using 
grids with live traps in two locations. The sampling protocol followed the revised (February 
1990) survey guidelines of the California Department of Fish and Game; see Appendix C. 
We determined presence of Gopherus agassizii (desert tortoise) by using standard 1.5 
mile triangular transects in 1990, and we also walked shorter linear transects in smaller 
areas in early morning or late afternoon. Surveys for desert tortoise were repeated in 1995 
in the same locations. 

5.2 Wildlife Species Present 

During the August and November 1989 wildlife surveys, we observed little evidence of 
animal presence or activity. We feel this is most likely a result of the time of year of the 
survey and the eighteen-month drought period. Most wildlife were in hibernation or a state 
of dormancy, and populations were reduced. The March and May 1990, and May 1995, 
surveys were during a period of greater wildlife activity due to recent rains and the cooler 
season. Desert species of reptiles, rodents, and lagomorphs were present as well as Canis 
latrans (coyote) and other small predators and raptors that prey on these species. We saw 
several species of birds, including Alectoris graeca (chukar) and Lophortyx californicus 
(quail). The major animal species observed or expected are given in Table A-2, Appendix 
A. This list is fairly complete based on the wildlife surveys conducted, and known 
distributions of animal species. No hoofed animals or large herbivores were present, 
however the area did reflect relatively recent grazing by domestic sheep in 1990, but not 
in 1995. Much of this grazing has been illegal on open desert, and in local areas was 
severe. 
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Mammals 

Mammal presence on the site was determined either by observation of the animal itself or 
by other signs such as burrow, scat, tracks, or skeletal remains. Some of the animal 
species we listed are known to be present based on literature or other records, and sign 
of them may not have been observed on the site. 

Predators: The predators that inhabit the site are wide ranging common mammals that 
prey on the birds and small mammals. These include Canis latrans (coyote), Lynx rufus 
(bobcat), Bassariscus astutus (ring-tailed cat), Urocyon cinereoargenteus (gray fox), Vulpes 
macrotis (kit fox - not the San Joaquin subspecies), and possibly Taxidea taxus (badger). 
Predators are not confined to the site in their home range and use the site as a part of their 
hunting territory. Some of these animals may den on the mountain during the breeding 
season. 

Small mammals: The small mammals on the site are typical for desert scrub habitat 
around the mountain, and rock-slope habitats on the mountain. Common mammals include 
Citellus leucurus (antelope ground squirrel), Lepus californicus (jack-rabbit), Sylvilagus 
audubonii (cottontail rabbit), Dipodomys merriami (kangaroo rat), Neotoma lepida 
(woodrat), and several species of small rodents (see species list for rodents.) 

There were no large grazing wildlife species of mammals such as deer, mountain sheep 
or burros observed nor any sign of recent activity. 

Birds 

Bird species observed and common to the site include Corvus corax (raven), Columba livia 
(rock dove), Tachycineta thalassina (violet green swallow) and Spizella breweri (Brewer's 
sparrow). Large birds and raptors observed were Aquila chrysaetos (golden eagle), 
Cathartes aura (turkey vulture), Buteo jamaicensis (red-tailed hawk), and Falco peregrinus 
(peregrine falcon - reported by Dr. Pat Brown.) There was an active Aquila chrysaetos 
(golden eagle) nest containing two young birds observed on the southeast side of Soledad 
Mountain in 1990, outside the study area. There was no activity in this nest during May 
1995, and no sign of recent occupancy during this breeding season. Aquila chrysaetos 
(golden eagle) may alternate between three to four nesting sites during several years. 
There were no waterfowl observed in this dry portion of the desert that lacks any surface 
or flowing water. 
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Reptiles 

Several species of reptiles are common in the study area. The most common were Uta 
stansburiana (side-blotched lizard) and Dipisosaurus dorsalis (desert iguana). The 
presence of Gopherus agassizii (desert tortoise) is discussed in Section 5.5. 

5.3 Habitats and Habitat Types 

We divided the area into three main types of natural wildlife habitats and one disturbance 
habitat on the Soledad site. These habitats with the common associated wildlife are as 
follows: 

Mountain rock outcrops, rock slides 

predators: raptors, coyotes, bobcats, ring-tailed cat 

reptiles: lizards, snakes 

small mammals: jackrabbit, woodrat and other rodents 
birds: game birds, passerine, raptor's nests 

Steep mountain slopes (wildlife same as above) 

Creosote bush scrub on fans and alluvial flats 
predators: raptors, coyotes, foxes 
reptiles: lizards, snakes 

small mammals: jackrabbit, ground squirrels, rodents 
birds: wrens and other passerine 

Man created areas (increases habitat diversity but reduces productivity) 

mine workings entrances/glory holes (cliff type): pigeon and predators, greater abundance 

of woodrat 

buildings (very few standing): lizards, bats 

mine adits and tunnels: pigeons, woodrat, ringtail cat (no bats observed) 

The plants in these habitat types are widely spaced in low abundance with low and variable 
productivity. The diversity of the habitats are low, and resources unpredictable. Animals 
that use these habitats for shelter and food need to be highly adapted or have a wide 
latitude in habitat preferences. 
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5.4 Threatened and Endangered Species 

We identified 3 animals of possible concern from the threatened and endangered species 
lists for the federal and California agencies. These are Plecotus townsendii (Townsend's 
big-eared bat), Gopherus agassizii (desert tortoise), and Citellus mohavensis (Mojave 
ground squirrel). Specific surveys conducted for each species failed to observe animal 
present on the site. 

Plecotus townsendii (Townsend's big-eared bat) 

No Townsend's big-eared bats were observed, nor were any bat sign (odor or droppings) 
observed in any of the mine workings. Surveys for the sensitive bat species were 
conducted on two separate occasions by Dr. Patricia Brown in the underground stopes and 
glory holes on Soledad Mountain. The surveys consisted of entering mines during the day 
and noting any bats or guano present. Fifty-five of the approximately 100 workings were 
entered. See Appendix B for details of bat survey methods. Townsend's big-eared bat was 
given special attention as a Species of Special Concern that has the potential to move into 
man-made structures such as mines and caves. Although this area could potentially 
support this species based on distribution and habitat preference, none were observed. 

Although appropriate habitat for bats may exist in the mines, no bats or guano were 
encountered. Reasons for their absence are not known. Dr. Brown postulates it is 
possible that high winds and lack of flying insects in the evenings may make bat flying and 
survival difficult on Soledad Mountain. 

Evidence of other animal use in underground workings included desert woodrat, deer 
mouse, ringtail cat and bobcat. Domestic pigeons were observed roosting in workings with 
vertical cuts to the surface. A dead golden eagle and mummified desert tortoise were 
observed at the bottom of a shaft in the Eagle Adit. These remains had obviously been 
there for many years. 

Gopherus agassizii (Desert tortoise) 

No live tortoises or recent active sign of any type were observed. Desert tortoise surveys 
were conducted in areas with suitable habitat during both survey periods. In a total of 
seven triangular surveys conducted in 1990, there were five possible tortoise signs as sets 
of inactive burrows underneath creosote bush. The burrows were old and could have been 
made by other burrowing animals. Three similar surveys for tortoises in May 1995 did not 
reveal any tortoise sign either as burrows, scat, or other signs of activity. If tortoise had 
been present during this year of high plant growth, then their presence would have been 
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detected. This area may have supported tortoise in the past, however recent surveys have 
not detected tortoises west of Highway 14 according to the US Fish and Wildlife Service. 
One mummified tortoise was found at the bottom of a mine shaft by Dr. Pat Brown in 1990 
during her bat surveys, indicating much earlier presence of tortoises in this area as isolated 
occurrences. 

Cjtellus mohavensis (Moiave ground squirrel) 

No Mojave ground squirrels were captured or observed during the surveys. The Soledad 
Mountain site is on the edge of the Mojave ground squirrel's known historical range. The 
trapping grids were conducted using the 1990 revised Mojave Ground Squirrel Guidelines 
of the CDFG. Two 100-trap grids were laid out for two trapping periods (March and May 
1990) in the vegetation and habitat type most likely to support this species. See Appendix 
C for details on the location and trapping procedures. 

The common antelope ground squirrels were abundant and captured on both grids during 
the two trapping periods. The surveys were conducted during drought conditions which 
may have influenced the results. However, additional surveys have also not detected this 
species near the study area. See Appendix C for a more comprehensive discussion of the 
results and conclusions of these surveys. 
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Table A-1 List of Plant Species, Soledad Mountain Project 

Scientific Name 

Common Name 

Trees and Tall Shrubs 

Yucca brevifolia 

joshua tree 

Shrubs j 

Acamptopappus 

goldenhead 

sphaerocephalus 


Ambrosia dumosa 

burrobush 

Atriplex confertifolia 

shad scale 

Atriplex polycarpa 

cattle spinach 

Chrysothamnus nauseosus 

rubber rabbitbrush 

Chrysothamnus teretifolius 

terete rabbitbrush 

Encelia virginensis 

acton encelia 

Ephedra nevadensis 

joint-fir 

Ericameria cooperi 

goldenbush 

Ericameria cuneata 

goldenbush 

Ericameria fasciculata 

eastwood's goldenbush 

Ericameria laricifolia 

turpentine bush 

Ericameria linearifolia 

interior goldenbush 

Ericameria palmeri 

goldenbush 

Eriogonum fasciculatum 

California buckwheat 

Eriogonum heermannii 

hermann buckwheat 

Eriogonum plumatella 

flat-top buckwheat 

Grayia spinosa 

spiny hop-sage 

Gutierrezia microcephala 

sticky snakeweed 

Gutierrezia sarothrae 

broom snakeweed 

Hymenoclea salsola 

cheesebush 
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Table A-1 List of Plant Specie! 

3, Soledad Mountain Project 

Scientific Name 

Common Name 

Krascheninnikovia lanata 

winter fat 

Larrea tridentata 

creosote bush 

Lycium andersonii 

box thorn 

Lycium cooperi 

box thorn 

Stephanomeria pauciflora 

wire lettuce 

Tetradymia axillaris 

striped horsebrush 

Tetradymia glabrata 

felt-thorn 

Xylorhiza tortifolia 

mojave-aster 

Grasses 

Achnatherum speciosum 

desert needlegrass 

Achnatherum hymenoides 

indian ricegrass 

Aristida adscensionis 

three-awn 

Bromus diandrus 

ripgut grass 

Bromus hordeaceus 

soft cheese 

Bromus madritensis 

red brome 

Bromus tectorum 

cheat grass 

Elymus elymoides 

squirreltail 

Hordeum jubatum 

foxtail barley 

Hordeum murinum 

Mediterranean barley 

Muhlenbergia richardsonis 

may muhly 

Poa secunda 

bluegrass 

Pleuraphis rigida 

big galleta grass 

Schismus arabicus 

tufted grass 

Schismus barbatus 

mediterranean grass 

Sporobolus flexuosus 

mesa dropseed 



























































Table A-1 List of Plant Specie; 

5, Soledad Mountain Project 

Scientific Name 

Common Name 

Trisetum canescens 

trisetum 

Vulpia octoflora 

six-week fescue 

Herbaceous Perennials and Annuals 

Abronia villosa 

sand verbena 

Allium haematochiton 

onion 

Allium parryi 

onion 

Amsinckia tessellata 

fiddleneck 

Arabis inyoensis 

rock cress 

Astragalus layneae 

locoweed 

Astragalus preussii 

rattlesnake weed 

Calochortus kennedyi 

mariposa lily 

Camissonia brevipes 

evening primrose 

Camissonia lacustris 

big tooth-leaved primrose 

Centrostegia thurberi 

thurber's spineflower 

Chaenactis fremontii 

fremont's pincushion 

Chamaesyce albomarginata 

white-fringed sandmat 

Claytonia perfoliata 

miner's lettuce 

Coreopsis bigelovii 

tickseed 

Cryptantha circumscissa 

western forget-me-not 

Cryptantha pterocarya 

wing-nut forget-me-not 

Dalea mollis 

soft indigo 

Delphinium parishii 

desert larkspur 

Delphinium parryi 

larkspur 

Dichelostemma capitatum 

blue dicks 

Eriastrum diffusum 

eriastrum 
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Table A-1 List of Plant Species, Soledad Mountain Project 

Scientific Name 

Common Name 

Eriogonum baileyi 

bailey buckwheat 

Eriogonum fasciculatum 

California buckwheat 

Eriogonum gracillimum 

slender-stemmed buckwheat 

Eriogonum nidularium 

whisk broom 

Eriogonum reniforme 

kidney-leaved buckwheat 

Eriogonum trichopes 

little trumpet 

Eriophyllum lanosum 

wooly sunflower 

Eriophyllum multicaule 

wooly sunflower 

Eriophyllum pringlei 

pringle's wooly sunflower 

Eriophyllum wallacei 

Wallace's wooly sunflower 

Erodium circutarium 

storksbill 

Eucrypta micrantha 

eucrypta 

Gilia spp. 

gilia 

Gilia tenuiflora 

gilia 

Gilia tricolor 

bird's eyes 

Guillenia lasiophylla 

California mustard 

Layia glandulosa 

white layia 

Linanthus parryae 

linanthus 

Lessingia lemmonii 

vinegar weed 

Lomatium mohavense 

mohave wild parsley 

Lupinus brevicaulis 

sand lupine 

Malacothrix californica 

desert dandelion 

Malacothrix coulteri 

snake's head 

Mentzelia pectinata 

mentzelia 

Mentzelia albicaulis 

small-flower blazing star 
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Table A-1 List of Plant Species, Soledad Mountain Project 

Scientific Name 

Common Name 

Mirabilis bigelovii 

four o'clock 

Mirabilis multiflora 

four o'clock 

Monoptilon bellioides 

desert star 

Nama demissum 

purple mat 

Nemophila pedunculata 

nemophila 

Oenothera deltoides 

basket evening primrose 

Oenothera villosa 

evening primrose 

Pectocarya recurvata 

comb-bur 

Pectocarya setos 

comb-bur 

Petalonyx thurberi 

sandpaper plant 

Phacelia glandulifera 

tackstem phacelia 

Pholistoma membranaceum 

fiesta flower 

Plantago ovata 

plantain 

Platystemon californicus 

cream cups 

Salvia carduacea 

thistle sage 

Salvia columbariae 

chia 

Sisymbrium altissimum 

tumble mustard 

Sisymbrium irio 

London rocket 

Sphaeralcea ambigua 

apricot mallow 

Stephanomeria parryi 

wire lettuce 

Stephanomeria spinosa 

skeleton weed 

Streptanthella longirostris 

small jewelflower 

Thelypodium intergrifolium 

thelypodium 
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Table A-1 List of Plant Species, Soledad Mountain Project 

Scientific Name 

Common Name 

Xylorhiza tortifolia 

mojave-aster 

Cactus 

Ferocactus cylindraceus 

barrel cactus 

Opuntia basilaris 

beavertail cactus 

Opuntia echinocarpa 

golden cholla 



















Table A-2 Wildlife Species Present, Soledad Mountain Project 

Scientific Name 

Common Name 

Identification 

BIRDS 

Raptors 

Aquila chrysaetos 

Golden eagle 

confirmed 

Buteo jamaicensis 

Red-tailed hawk 

confirmed 

Falco peregrinus 

Peregrine falcon 

confirmed 

Falco sparverius 

American kestrel 

confirmed 

Speotyto cunicularia 

Burrowing owl 

occurs in area 

Tyto alba 

Barn owl 

possible 

Game Birds 

Alectoris graeca 

Chukar 

confirmed 

Lophortyx californicus 

California quail 

confirmed 

Other Birds 

Amphispiza bilanaata 

Black-throated sparrow 

confirmed 

Carpodacus casinii 

Housefinch 

confirmed 

Cathartes aura 

Turkey vulture 

confirmed 

Cathatus guttatus 

Hermit thrush 

confirmed 

Columba livia 

Rock dove (domestic 
pigeon) 

abundant 

Con/us corax 

Raven 

abundant 

Dendroica coronata 

Yellow rumped warbler 

confirmed 

Eremophila alpestris 

Horned lark 

abundant 

Junco hyemalis 

Oregon junco 

confirmed 

Lanius ludovicianus 

Loggerhead shrike 

confirmed 

Picoides scalaris 

Ladder backed woodpecker 

confirmed 

Salpinetes obsoletus 

Rock wren 

confirmed 
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Table A-2 Wildlife Species Present, Soledad Mountain Project 

Scientific Name 

Common Name 

Identification 

Sayornis saya 

Say's phoebe 

confirmed 

Spizella breweri 

Brewer's sparrow 

confirmed 

Tachycineta thalassina 

Violet green swallow 

common 

Toxostoma lecontei 

Leconte' thrasher 

confirmed 

Zenaida macroura 

Mourning dove 

confirmed 

Zonotrichia atricapilla 

White crowned sparrow 

confirmed 

REPTILES 

Callisaurus draconoides 

Zebra-tailed lizard 

confirmed 

Cnemidophorus tigris 

Western whiptail 

confirmed 

Crotalus scutulatus 

Mojave rattlesnake 

confirmed 

Crotophytus insularis 

Desert collared lizard 

tantative 

Dipsosaurus dorsalis 

Desert iguana 

confirmed 

Gopherus agassizii 

Desert tortoise 

T&E, not present 

Pituophis melanoleucus 

Gopher snake 

confirmed 

Sauromalus obesus 

Chuckwalla 

possible 

Sceleporus magister 

Desert spiny lizard 

scarce 

Ufa stansburiana 

Side-blotched lizard 

common 

RODENTS 

Chaetodipus penicillatus 

Desert pocket mouse 

possible 

Dipodomys merriami 

Kangaroo rat 

confirmed 

Perognathus longimembris 

Little pocket mouse 

possible 

Neotoma lepida 

Desert woodrat (packrat) 

confirmed 

Peromyscus crinitus 

Canyon deermouse 

confirmed 
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Table A-2 Wildlife Species Present, Soledad Mountain Project 

Scientific Name 

Common Name 

Identification 

Peromyscus maniculatus 

Long-tailed deermouse 

possible 

BATS 

Antrozous pallidus 

Pallid bat 

confirmed 

Eptesicus fuscus 

Big brown bat 

possible 

Eumops perotis 

California mastiff bat 

possible 

Myotis californicus 

California myotis 

possible 

Pipistrellus hesperus 

Canyon bat 

confirmed 

Plecotus townsendii 

Townsend's big-eared bat 

T&E, not present 

Tadarida brasiliensis 

Mexican free-tailed bat 

possible 

SMALL MAMMALS 

Citellus mohavensis 

Mojave ground squirrel 

T&E, not present 

Citellus leucurus 

Antelope ground squirrel 

confirmed 

Citellus beechyi 

California ground squirrel 

confirmed 

Lepus californicus 

Black-tailed jackrabbit 

confirmed 

Sylvilagus auduboni 

Audubon cottontail 

confirmed 

Thomomys bottae 

Valley gopher 

possible 

PREDATORS 

Bassariscus astutus 

Ring-tailed cat 

confirmed 

Canis latrans 

Coyote 

confirmed 

Lynx rufus 

Bobcat 

confirmed 

Taxidea taxus 

Badger 

possible 

Urocyon cinereoargenteus 

gray fox 

possible 

Vulpes macrotis 

kit fox 

possible 
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INTRODUCTION 


A field survey was conducted for sensitive bat species in the 
the mines of the Soledad Mountain Project located near Mojave 
in Sections 5 through 9 of Township 10 North, Range 12 West 
in the unincorporated area of the County of Kern, State of 
California. The mining activities span the period between 
the 1880's to the present, although most work ceased about 
1942. The workings themselves are numerous and range from 
traditional adits and shafts to the excavation of parallel 
veins which intersect the surface as stopes and glory holes. 
The present plans for the mountain include a large open pit 
mine, mill site and heap leech operation. ' Since mines can 
P^cwi^s refugia for bats and other wildlife, a survey was 
conducted of the present underground workings. Special 
attention was given to looking for Townsend's big-eared bat 
(Pjecotus townsendii ) which is a California Department of 
Fish and.Game (CDFG) Species of Special Concern and United 
States Fish and Wildlife Service (USFWS) Category 2 Candidate 
Species for Threatened or Endangered Status. 

Townsend's big-eared bat is basically a cave—roosting species 
that has moved into man-made caves such as mines and 
buildings. Unlike many other bats, they are unable to crawl 
into crevices, and usually roost in exposed areas where they 
are vulnerable to disturbance. Plecotus is quite sensitive 
to human disturbance, and this appears to be the primary 
cause of population decline for this species. This bat is 
colonial during the maternity season, when compact clusters 
U P.to 200 individuals might be found. Maternity roosts 
form in the spring and remain intact during the summer. 

Great fidelity exists for a roost site, and if undisturbed 
the bats will use the same roost for many generations. 

In the winter, Plecotus hibernate in cool caves and mine 
tunnels. Hibernation is a critical time for the species, 
since disturbance which causes arousal may expend energy 
reserves needed to survive the winter. The hibernation 
period in the California desert will vary with ambient 
temperature, but is generally from late November through 
early March. 


METHODS 

The mine survey was conducted from March 29 through April 2 
and June 23 to 25, 1990. Survey methods consisted of 

.mines.during the day, and noting any bats, guano or 
other animal sign present. Temperature and humidity readings 
were taken in several of the mines. 



On the evening of June 23 a mist net was placed over the 
entrance of the Soledad Extension to capture any bats as they 
emerged at dusk. On April 2 and June 24, mist nets were 
placed near a water tank on the north boundary of the 
project. A bat detector was used to monitor ultrasonic 
signals since many specie's emit distinctive sonar signals. A 
night vision scope was employed to watch bats flying over the 
tank in order to determine the species and approximate number 
present. 


RESULTS 


Of the over 100 mine workings occurring on Soledad Mountain 
which would be impacted by the proposed project, over 55 were 
deemed safe enough to enter to check for bats or other animal 
sign. Among these were the workings of the Golden Queen, 
Queen Esther, Elephant, Eagle, Bobtail, Starlight, Gypsy, 
Echo, Miner's Dream, Abertolli and 4 Jacks. No bats or guano 
were seen during this survey. Many of the mines had shafts 
or cross-cuts to the surface, and so cool drafts ran through 
the workings. Where the air was still, temperatures ranged 
from 64 to 70.5 F. Table 1 lists bat species which might be 
found in this area. 

Evidence of other animals was present in the mines. Most 
contained scat and nests of the desert woodrat ( Neotoma 
lepida) . and in two cases a rat was observed. Droppings of 
the deer mouse ( Peromyscus maniculatus ) were also scattered 
throughout the mine. Several mines contained scat and 
footprints of the ringtail cat ( Bassariscus astutus), and 
prints of a bobcat (Lynx rufus ) were seen in two adits. A 
dead golden eagle f Aauila chrysaetos ) was appropriately found 
in the Eagle adit at the bottom of a shaft leading to the 
surface. In this same mine complex, a mummified desert 
tortoise (Xerobates agassizzi ) was found at the bottom of a 
shute. Domestic pigeons f Columba livia 1 were found roosting 
in the diggings with vertical cuts to the surface. 

The mist nets over the Soledad Extension on June 23 did not 
catch any bats. The evening of April 2, a male western 
pipistrelle ( Prpistrel Jus hesperus ) was captured in the mist 
net by the water tank. Many other pipistrelles as well as 
two pallid bats ( Antrozous pallidus l were seen that evening, 
and their ultasonic signals detected. As soon as the winds 
arose, bat activity ceased. This was also the case on the 
evening of June 24. 



TABLE I 


1. Order Chiroptera 

Family Molossidae 

Tadarida brasiliensis 
Eumops perotis 


Bats . 

Free-tailed bats 

Mexican free-tailed bat 
California mastiff bat 


Family Vespertilionidae Plain-nosed bats 


Antrozous pallidus * 
Plecotus tovrisendii 
Pipistrellus hesperus * 
Eptesicus fuscus 
Mvotis californicus 


Pallid bat 

Townsend's big-eared bat 
Western pipistrelle or canyon bat 
Big brown bat 
California Myotis 



DISCUSSION 


Although appropriate habitat exists for bats in the Soledad 
Mountain nines, none were encountered during this survey. 

This is the most tine that I have spent underground without 
seeing^a bat or guano. Other wildlife, principally woodrats, 
deer nice, and ringtail cats are resident. The temperatures 
within the nines are appropriate for winter roosts of 
Plecotus . although their distinctive guano was not seen. Few 
bats were observed flying around Soledad Mountain at night or 
heard with the bat detector. 

High winds are a constant evening feature of Mojave. Snail 
bats have difficulty flying in strong winds. Flying insects, 
upon which bats feed, are also conspicuously low in numbers, 
especially on windy evenings. These may be the reasons for 
the low numbers of bats in an area which otherwise would 
appear to provide favorable habitat. 
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INTRODUCTION 


A live-trapping study was conducted in order to ascertain 
whether Mohave ground squirrels ( Spermophilus mobavensjs ^ 
occur on the Soledad Mountain Project located in portions of 
sections 1, 12 and 13 of Township 10 N, Range 13 W. and 
sections 5, 6, 7, 8, and 18 of Township 10 N., Range 12 W. in 
the unincorporated area of the County of Kern, State of 
California. The Mojave ground squirrel (MGS) is listed as 
Threatened by the California Department of Fish and Game and 
was trapped m the city of Mojave approximately 10 years ago 
by Dr. Tony Recht (pers. comm. 1990). 


METHODS 


In .conducting the live-trapping survey, the 1990 revised 
Mogave Ground Squirrel Survey Guidelines of the CDFG were 
followed. Two 100-trap grids of either 5 by 20 or 4 by 25 
Pymatuning traps spaced 25 meters apart were laid out in the 
vegetation and habitat types most likely to support Mojave 
ground squirrels. The majority of Soledad Mountain is steep, 
rocky terrain with scattered mine tailings which was deemed 
unsuitable as MGS habitat. However, to the west of the 
mountain are level areas which are planned to be heap leach 
pads and mine dump sites, and upon which two habitat types 
occur which could support MGS. Grid 1 was located on a 

alluvial fajl in west central portion of Section 
7, R12W, T10N m an area of creosote bush/Joshua tree scrub 
on loose sandy loam crossed by several shallow washes. Grid 
2 was on flat creosote bush scrub with scattered Joshua trees 
on aore compacted clay soil west of Tropico Road in the south 
central portion of Section 1, R13W, T10N. Both areas 

supported a good cover of annual plants this spring, 
especially fiddleneck ( Amsinckia tessellate d, which is a 
favorite food of MGS. Another preferred food plant, 
wolfberry (Lycium andersonii), was flowering and fruiting. 
Both areas had received minimal surface disturbance and 
appeared to represent good MGS habitat. 

The traps were baited with commercial horse feed ("sweet 
feed") and a mixture of rolled oats and peanut butter. Traps 
were opened from approximately 9 AH to 6 PM each day for 5 
days for a total of 4500 trap/hours per session. The first 
j P Eu ng sesslon was conducted from March 29 through April 3, 
and the second from May 7 through 11, 1990. On the night of 
April 2, traps were left open throughout the night to sample 
nocturnal rodents. . All captured animals were weighed and 



their sex and reproductive status recorded. They were then 
labeled on their stomach with a waterproof marking pen for 
future identification. 

During the first trapping- session, daytime temperatures 
ranged between 70 and 85 F, and during the second period the 
diurnal range was 75 to 90 F. Typically mornings were clear 
and still with strong winds usually arising in the mid— 
afternoon, although during both sessions at least one day was 
overcast and windy. 


RESULTS 

Although the habitat was equivalent to that in which Mojave 
ground squirrels occur throughout their known range, none 
were captured or observed during the course of the survey. 
However, during the April-Kay session, 4 captures of 2 
pregnant Antelope ground squirrels ( Ammospermophnus 
l eucurus ) occurred on Grid 1 and 14 captures of 6 individual 
AGS on Grid 2 comprised of 2 lactating and .1 non—reproductive 
female and 2.scrotal and 1 non-scrotal male. During the May 
trapping period. Grid 1 had 35 captures of 16 individual AGS 
which included 6 lactating, 1 post-lactating, 1 non- 
reproductive and 2 juvenile females and 3 scrotal and '3 non- 
scrotal males. On Grid 2, 10 AGS were captured 25 times (4 
lactating and 1 juvenile female and 3 scrotal and 2 non- 
scrotal males). 

During the nocturnal trapping, 20 Kerriam's kangaroo rats 
(pipodomys gierriami ) (7 males, 8 females and 5 not sexed) 
were captured on Grid 2 and 4 kangaroo rats (2 males and 2 
females) on Grid 1. The Pymatuning traps are not sensitive 
enough to capture any rodent smaller- than a kangaroo rat. 


COHCLUSIONS 


During the course of the trapping survey conducted on two 
grids to the west of Soledad Mountain near Mojave, no Mojave 
ground squirrels were captured or observed. However, this 
area Iks within 5 miles of a known past record for this 
species. Because of the drought conditions, the Mojave 
ground squirrel populations have been severally impacted 
throughout their range. Researchers have not found them in 
areas in 1989 and 1990 were they had been captured in the 
past during the same season. In areas where they have been 
trapped during 1989 and 1990, few animals had reproduced. 



This bias should be considered in evaluating the results of 
current trapping studies. 

The Antelope ground squirrels appeared to be common and 
reproducing on both grids.. On Grid 1, 8 times as many 
animals were captured in May as in the March 29 to April 3 
session, while on Grid 2 , the number in May only doubled over 
the results of the first trapping period. 
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1.0 INTRODUCTION 


1.1 PURPOSE AND SCOPE OF REPORT 

This report summarizes the results and conclusions from initial hydrologic 
studies for Noranda's Soledad Mountain Project in Kern County, California. This 
report was prepared upon your request, and is based on data collected by Water, 
Waste & Land, Inc. (WWL). This work consisted of data collection and review, 
and was conducted initially for Golden Queen Mining Company, Inc. (Golden Queen) 
and later for Noranda Inc. (Noranda), as outlined in the following section. 


1.2 STUDIES CONDUCTED TO DATE 

Initial work, consisting of data review, was conducted for Golden Queen 
according to the Phase I study outline prepared for Envirocon in September 1989. 
Phase I work, originally envisioned as the first of a three-phase study, 
consisted of review of available data, identification of water supply sources 
in the area, and preliminary characterization of the hydrology of the area. 

A report describing the results of this study was prepared for Golden 
Queen Mining Company in October 1989. An important part of the planned data 
review could not be conducted because drillers logs and production information 
from over 30 wells in the site area were (by California regulations) 
confidential, and could not be obtained without written consent of the property 
owners. 


Following Noranda's acquiring rights to assess the Soledad Mountain 
property in late 1989, WWL prepared a work scope for completion of Phase I 
studies and initiation of subsequent phases of hydrologic data collection for 
project water supply and waste disposal site monitoring. This work scope was 
prepared for Envirocon in December 1989, and was revised in March 1990 to 
Include WWL personnel collecting private well information. A key task In this 
revised phase of work was assessing an existing well on land controlled by 
Golden Queen in Section 36, northwest of the project site. 

In April 1990, WWL conducted a survey of wells in the project area to 
collect drillers logs and other pertinent well information through permission 
from landowners. Guidance on who to contact about well information was provided 
by Noranda site personnel. The results of this task were documented in a letter 
to Noranda dated April 26, 1990. This task provided very little published well 
Information, although information from conversations with local residents 
provided some insight into the area geohydrology and water supply. The well in 
Section 36 was not found, and was believed to be destroyed during previous land 
development construction work. 
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Upon your request, WWL prepared a revised work scope for the next steps 
to be taken for mine development hydrology, based on the information collected 
in April. This work scope was prepared for P.M. DeOycker and Associates In May 
1990. 
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2.0 SUMMARY OF EXISTING INFORMATION 


2.1 EXISTING WELLS AND DRILLING INFORMATION 

Available information about the geology and geohydrology of the Soledad 
Mountain area, and wells and water supplies used in the area was obtained from 
the fol1owing sources: 

1. Reports and data collected by WWL during the site visits on August 8-9, 
1989 and April 17-20, 1990, as well as communication with local residents. 

Conversations with California state agency and Kern Water Agency personnel 
concerning well records and other public well data. 

3. Conversations with Antelope Valley-East Kern Water Agency (AVEK), Kern 
County Water Agency, and Mojave Public Utilities District personnel 
concerning water supply information. 

4. Conversation with CoCa Mines personnel about water supply information at 
the Middle Buttes and Shumake Mines (which are located west of the site). 

The references and information obtained from these sources are listed in the 
references section of this report. Much of the published data was referenced 
In the geohydrology report prepared for the Shell Standard Hill Project (Rector 
1986). 


AVEK provided information on wells monitored by the United States Geologic 
Survey (USGS) for AVEK. In addition, AVEK provided preliminary information on 
the location of facilities, water service agreements, water rates, and rules and 
regulations for distribution of water. The Kern Water Agency provided limited 
information on a number of private wells in the area. 

Table lisa summary of available information on existing water wells in 
the area from WWL's October 1989 report. The approximate locations of wells 
Included In Table 1 are shown on Figure 1. This Information was limited to 
published data or that obtained by personal communication. Collection of actual 
drilling logs of these wells was attempted in April 1990 through requests made 
to local landowners. This task yielded no published information, but 
conversations with landowners provided general Information about geohydrologic 
conditions and water supply. 
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TABLE 1 

SUMMARY OF EXISTING WATER WELL DATA 






TOTAL 

DEPTH 

REPORTED 



REF 




DEPTH 

TO WATER 

YIELD 

INFORMATION 

NO. 

LOCATION 


(ft) 

(ft) 

(gpm) 

SOURCE 

COMMENTS 

1 . 

T10N, 

R12W, 

Sec. 2 

257 

187 

_ 

B 

Terminated on "Granite" 

2 . 

T10N, 

R12W, 

Sec. 4 

340 

135 

- 

B 

Terminated on "Hard Rock 

3. 

T10N, 

R12W, 

Sec. 4 

275 

175 

3 

B 


4. 

T10N, 

R12W, 

Sec. 4 

222 

186 

1 

B 

Terminated on "Hard Rock 

5. 

T10N, 

R12W, 

Sec. 9 

238 

163 

6 

B 

A11 uviurn Total Depth 

6 . 

T10N, 

R12W, 

Sec. 10 

200 

87 

30 

B 

A11 uvi urn Total Depth 

7. 

T10N, 

R12W, 

Sec. 10 

204 

93 

35 

B 

Alluvium Total Depth 

8 . 

T10N, 

R12W, 

Sec. 10 

202 

93 

35 

B 


9. 

T10N, 

R12W, 

Sec. 10 

200 

92 

30 

B 


10 . 

T10N, 

R12W, 

Sec. 10 

200 

85 

25 

B 


11 . 

T11N, 

R12W, 

Sec. 31 

350 

95 

30 

B 


12 . 

T11N, 

R12W, 

Sec. 33 

240 

175 

Fai r 

B 

Yield Reported as "Fair" 

13. 

tun, 

R12W, 

Sec. 33 

252 

190 

- 

B 

Terminated In "Bedrock" 









owned by Cal 1fornla 
Portland Cement Co. 

14. 

T10N, 

R11W, 

Sec. 8 

280 

58 

- 

A 


IS. 

T10N, 

R12W, 

Sec. 12 

224 

84 

- 

A 


16. 

T10N, 

R12W, 

Sec. 13 

185 

60 

- 

A 


17. 

T10N, 

R12W, 

Sec. 20 

- 

107 

- 

A 


18. 

T10N, 

R12W, 

Sec. 22 

242 

43 

- 

A 


19. 

T10N, 

R13W, 

Sec. 19 

770 

317 

- 

A 


20 . 

T11N, 

R11W, 

Sec. 7 

414 

209 

- 

A 


21 . 

T11N, 

R11W, 

Sec. 9 

422 

131 

- 

A 

In Alluvium 

22 . 

T11N, 

R12W, 

Sec. 22 

350 

247 

- 

A 


23. 

tun, 

R13W, 

Sec. 19 

430 

311 

- 

A 


24. 

tun, 

R13W, 

Sec. 29 

749 

307 

- 

A 

In Alluvium 

25. 

tun, 

R13W, 

Sec. 36 

630 

280-380 

- 

C 

A1 luvium Total Depth 

26. 

tun, 

R13W, 

Sec. 32 

300 

180 

- 

C 

Top 50 Feet Alluvium 

27. 

tun, 

R12W, 

Sec. 32 

300 

- 

40 

C 


28. 

tun, 

R12W, 

Sec. 32 

265 

180 

40 

C 


29. 

tun, 

R12W, 

Sec. 32 

- 

176 

- 

C 


30. 

tun, 

R12W, 

Sec. 32 

245 

188 

- 

c 


31. 

tun, 

R12W, 

Sec. 22 

381 

255 

- 

c 

Mojave P.U.D. Well 

32. 

tun, 

R12W, 

Sec. 22 

348 

270 

- 

c 



information Source 

A. U.S.G.S. 

B. Kern Water Agency 

C. Rector (1986) 
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2.2 REGULATORY REQUIREMENTS 

Groundwater monitoring requirements for Mining Waste Management Units are 
governed by the California Water Resources Control Board (1384). The 
regulations require that all monitoring wells be logged during drilling under 
the direct supervision of a registered geologist. The monitoring system must 
be designed and certified by a registered geologist or civil engineer and must 
define background water quality as well as monitored water quality at the point 
of compliance. 

Wells must be constructed using annular filter material around the 
screened interval (sand or gravel pack) and the annular space above the screened 
interval sealed to prevent surface pollution and cross-contamination of 
saturated zones. The minimum depth of upper annular space seal is 20 feet below 
ground surface for observation and monitoring wells, with other provisions for 
shallow wells (California Department of Water Resources, 1981). The well must 
be adequately developed to prevent sediment from entering the casing. Other 
well construction standards for specific subsurface conditions are required by 
the State of California (California Department of Water Resources, 1981). 

Based on these regulations and expected subsurface conditions, the mine 
water supply well will require a borehole diameter at least 4 inches greater 
than the production casing. A surface seal must extend to a minimum depth of 
50 feet with a nominal thickness of at least 2 inches. The sealing material can 
consist of grout, bentonite, or concrete. The top of the well must extend above 
ground surface or known flood levels and prevent the entrance of foreign 
material. 


2.3 ALTERNATIVE WATER SOURCES 

Based on a generalized map provided by AVEK, a 36-Inch north-south feeder 
line lies a few miles east of Soledad Mountain. The Mojave pump station is 
located on that feeder just east of Standard Hill. Mr. Russ Fuller of AYEK also 
Indicated that they maintain a 32 million gallon reservoir in Section 5, T10N, 
R12W, which appears to be approximately 1-1/2 miles east of the project site. 
The Los Angeles Aqueduct passes through the area approximately 5 miles northwest 
of the site. 

If required, water could be purchased from AVEK subject to rules and 
regulations concerning supply and connections. For the Golden Queen facility 
water rates are estimated at $165.00/acre-ft In 1990, $180.00/acre-ft In 1991, 
and $190.00/acre-ft In 1992 (Fuller, 1989). These figures do not Include 
connection costs or other capital costs associated with delivery of water to the 
mine. 
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3.0 HYDROLOGICAL SETTING 


3.1 SURFACE HYDROLOGY 

The Antelope Valley is a closed basin, with surface water eventually 
reaching the dry lake beds of Rosamond and Rogers Lakes located southeast of the 
site. Due to the low precipitation received in the area, no rivers, streams, 
or other signs of significant or regular surface water flow are seen. The 
ground surface of the valley floor In the Soledad Mountain area generally slopes 
from west to east. Soledad Mountain and Standard Hill protrude from the valley 
floor, and form a local variation In surface water flow. 


3.2 REGIONAL GEOHYDROLOGY 

Water bearing rocks In the region can be divided into two broad classes: 
consolidated rocks and alluvium. The consolidated rocks comprise bedrock in 
the region and underlie the valley fill alluvium. The bedrock consists of a 
basement complex of pre-Tertiary sedimentary, metamorphic, and igneous rock 
units along with Tertiary-age volcanic and sedimentary rocks (Kunkel and 
Dutcher, 1960). As is typical of predominantly crystalline rocks, groundwater 
generally occurs in fractures and Is limited in quantity; however, sufficient 
supplies for domestic use may be present. 

Alluvial deposits fill the valleys between mountain ranges and bedrock 
outcrops In the region. The alluvium can be divided into a younger and an older 
unit. Playa lake deposits occur locally within both the older and younger 
alluvial units. 

The older alluvium Is the principal aquifer in the region. It Is 
generally poorly consolidated to unconsolidated and is composed of silt, sand, 
gravel and boulders. Feldspars may locally be altered to clay due to 
weathering. Thickness of the older alluvium may range to as much as 2,000 feet 
in basin centers (Kunkel, 1962). Between Soledad mountain and the town of 
Mojave, alluvium may reach 700 feet or more In thickness (Rector, 1986). The 
younger alluvium Is composed of lenses of fine to coarse sediment and 
unconformably overlies the older alluvium and consolidated rocks. It was 
deposited by Intermittent streams of Pleistocene to recent age and may range up 
to 100 feet thick (Kunkel, 1962). The alluvial deposits are treated as one 
hydrogeologic unit, the alluvial aquifer, in this report. 

Groundwater In the alluvial aquifer may locally be confined by low 
permeability, fine grained layers (Rector, 1986). The low permeability layers 
are likely the result of lacustrine and playa lake deposits or Interbedded clays 
in the alluvium. Although it appears surface recharge to the alluvial aquifer 
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can occur throughout the basin, limited annual precipitation and the 
of low permeability layers which inhibit downward flow probably 
widespread areal recharge. Basin margins and areas of thin alluvial 
probable recharge areas. 


presence 
restrict 
cover are 


... f ?° 1 / !? ad Hounta1n 1s 1n the Gloster groundwater subunit near the boundary 
with the Chaffee subunit (Kunkel and Dutcher, 1960). Regional groundwater flow 
is predominantly eastward across these areas, then northeast across the Muroc 
Fault and down the Fremont Valley toward an evaporative sink at Koehn Lake 
(Kunkel , 1962). Historic water well data for these units do not show any long¬ 
term downward trends.In water levels (Fuller, 1989 and Rector, 1986). 

Therefore, it is assumed that the alluvial aquifer Is not being overdrawn and 
could support additional withdrawal in the area surrounding Soledad Mountain. 

J^ ter 1n the Chaffee and Gloster subunits is moderately mineralized. 
Available data Indicates that total dissolved solids In groundwater of the area 
ranges from approximately 200 to 500 mg/1. The dominant anions appear to be 
sulfate and bicarbonate with concentrations on the order of 100 to 200 mg/1. 

Chloride concentrations are in the range of 10 to 40 mg/1. Calcium is the 

predominant cation with concentrations generally ranging from 50 to 100 mg/1 
followed by sodium with concentrations on the order' of 40 to 50 mg/1 

Groundwater in the Gloster subunit can be classified as sodium-calcium 
bicarbonate-sulfate water (Rector, 1986). 


3.3 LOCAL GEOHYDROLOGY 

Based on available data for the wells closest to Soledad Mountain, depth 
to water ranges from approximately 90 feet to 190 feet. With the exclusion of 
what are thought to be five residential wells In the Goldtown Subdivision 
(Section 10, T10N, R12W) east of Soledad Mountain and one well north of Soledad 
Mountain (Section 31, T11N, R12W) depth to water Is predominantly on the order 
of 175 to 185 feet. Well depths generally range from 200 to 350 feet. 

When reported, well yields on the order of 30 to 40 gpm are conmon. Most 
of the reported yields are in the wells located east of Soledad Mountain, 
probably In the Goldtown Subdivision. However, two wells north of Soledad 
Mountain have reported production rates of 40 gpm. Near the town of Mojave, the 
Mojave Public Utilities District owns wells that have produced 500 gpm. Wells 
on the western edge of Standard Hill were reported to produce 150 to 200 gpm In 
the early 1960's (Rector, 1986). 

The local flow system in the Immediate vicinity of the site tentatively 
selected for mineral processing (ml 11/Ieach pad area) Is poorly defined due to 
the influence of the bedrock outcrop and the absence of existing well 
Information on the west side of the mountain. As stated In Section 3.2, the 
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dominant regional flow takes place in the alluvium in an easterly direction. 
The consolidated bedrock comprising Soledad Mountain Is relatively Impermeable 
compared to the alluvium and probably acts as a barrier to flow in the alluvial 
aquifer. Therefore, the easterly groundwater flow paths In the alluvium are 
disrupted on the west side of Soledad Mountain and take a more northerly or 
southerly direction as groundwater flows around the bedrock barrier. This 
complicates delineation of flow in the vicinity of the mine site and the 
placement of monitoring wells. 

A few miles north and west of Soledad Mountain, well depths and depth to 
groundwater generally Increase. Depths to water on the order of 200 to 300 feet 
are common along with well depths of 350 to over 700 feet. Production rates 
for these wells are 300 gpm or more. 
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4.0 WATER SUPPLY 


4.1 WATER SUPPLY 


Water supply for mining operations in the area comes from wells completed 
in the alluvial aquifer or from AVEK. Based on conversations with AYEK 

personnel, the Standard Hi 11 Mine obtains its water from AVEK. Shell originally 
tried to obtain water from wells, but apparently could not achieve the required 
production rates. It is believed that the wells were most likely completed too 
close to Standard Hill to penetrate enough of the alluvial aquifer to produce 
an adequate supply of water. Water for the Middle Buttes and Shumake Mines 
(west of the site) comes from nearby wells (within a mile of each mine). One 

of the wells is five hundred feet deep, completed in the alluvial aquifer 
(Hufford, 1990). M 

Alfalfa farms are located several miles south of the site. The source of 
Irrigation water for these farms appears to be exclusively wells completed In 
the alluvial aquifer. Several wells have been identified in the irrmediate 

Soledad Mountain area, which appear to be for domestic use and of relatively low 
capacity. 


4.2 SOLEDAD MOUNTAIN PROJECT SOURCES 


The required water production rate for the project Is expected to be on 
the order of 1000 gpm. As stated above, the consolidated rocks outcropping and 
underlying the alluvial fill are generally a poor source of water for all but 
domestic use. The valley fill alluvial aquifer appears to have the best 
potential for substantial water production. 

In order to achieve adequate storage and production rates for mine use, 
a well or wells in the alluvial aquifer would need to be located a sufficient 
distance from bedrock outcrops to provide adequate thickness of saturated 
alluvium. Due to limited existing well Information, It is uncertain where there 
is sufficient alluvial fill in the immediate vicinity of Soledad Mountain. 

Well fl 25 (Table 1) and several other areas were located 1 to 1-1/2 miles 
northwest of the project site in Section 36, T11N, R13W. These wells (known as 
the Glllis Wells) were drilled to depths of over 600 feet, had Initial 
groundwater levels of roughly 300 feet, and were pump tested at rates up to 750 
gpm (Gaines, 1990). 
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4.3 WATER SUPPLY COSTS 

Preliminary estimates were made to compare costs associated with the two 
most likely water supply alternatives — purchasing water from AYEK and pumping 
from a well. It was assumed that costs associated with water delivery from each 
source to the mine site would be comparable within the framework of current 
expectations. The evaluation consisted mainly of the cost of well installation 
and yearly pumping for groundwater development compared with AVEK connection 
cost and yearly pumping and water purchase costs. 

This evaluation showed that water supply costs are roughly $0.12 to $0.19 
per 1000 gallons for a well approximately one mile from the mill/heap leach site 
compared with roughly $0.32 to $0.46 per 1000 gallons for a water line tied into 
the AVEK system. Furthermore, a well would have to be located 10 to 20 miles 
from the project to raise water supply costs up to those of AVEK. This Implies 
that a groundwater source could extend as far as ten miles from the mine site 
and still result In a cheaper water supply than that provided by AYEK. 
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5.0 GROUNDWATER MONITORING 


5.1 MONITORING REQUIREMENTS 

Groundwater monitoring in the area of the tailings impoundment or heap 
leach area Is likely to be conducted using three to four wells completed in the 
alluvial aquifer. According to the guidelines discussed in Section 2.2, a 
minimum of one upgradient and two downgradient wells completed in the top’of 
the uppermost aquifer are required. The point of compliance would be 
immediately inside the nearest downgradient property line. 


5.2 MONITORING WELLS 

As mentioned in Section 3.3, groundwater flow on the west side of Soledad 
Mountain is likely to be changing direction from the regional west-to-east 
direction to a northerly or southerly direction (in order to flow around the 
lower conductivity rocks that comprise Soledad Mountain). Due to the absence 
of existing wells on the west side of Soledad Mountain, and the likely 
variations in flow directions in this area, directions of flow (and upgradient 
and downgradient wells) may not be established until three of the monitorinq 
wells are drilled. 

To compensate for this, three monitoring wells should be drilled around 
the tailings/heap leach area at locations expected to meet monitoring 
requirements. By evaluating the static water level In these wells, upgradient 
and downgradient directions can be established and designation of background and 
point of compliance monitoring wells made at that time. It is possible that a 
fourth well would be required if it Is found that two wells were not 
downgradient of the mill leach pad when actual flow directions are defined. 

Based on Information from wells on the east side of Soledad Mountain, 
depth to water Is estimated to be 100 to 180 feet. Depth to bedrock on the west 
side of Soledad Mountain is not clearly known. Therefore, It is possible that 
monitoring wells located on the property boundaries may extend Into bedrock 
before reaching the top of the alluvial aquifer. 



Soledad Mountain 


13 


July 31, 1990 


6.0 CONCLUSIONS 


Conclusions form the data collection work 
early 1990 are summarized below. 


conducted by WWL 


In 1989 and 


) 


1 . 


2 . 


Suitable water supply for the project is likely from one 
completed in the basin alluvium west of Soledad Mountain. 


o r two wells 


Monitoring of a tailings impoundment or leach pad adjacent to the 
processing site is likely to require three to four monitoring wells along 
the Golden Queen property boundaries. 


3. 


4. 


9 , 5 " the proJect area are generally not available due 

1r - Division of Water Resources restrictions, and due to the 
difficulty of getting a well log request from the current well owners 


The wells in Section 36 (northwest of Soledad Mountain) 
potential sources for water were destroyed during earlier 
development 


that were 
subdivision 


Wells in the area are reported to have measurable concentrations of 
arsenic, and one well on the south side of Standard Hill Is reported to 
have measurable concentrations of cyanide. 


Additional 
and waste 
of new wel 


Information about the geohydrology of the site, water supply 
disposal site monitoring will require Installation and sampling 


6. 
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